Ultrasonographic aspects of the placenta by Hoogland, H.J.






The following full text is a publisher's version.
 
 



















H. J. HOOGLAND 
Het ontwerp voor de omslag werd vervaardigd door 
Me\i J J Storm van Leeuwen Hoogland 
ULTRASONOGRAPHIC ASPECTS 
OF THE PLACENTA 
PROMOTORES 
P R O F . DR. J. DE H A A N 
P R O F . DR. G. P. V O O I J S 
ULTRASONOGRAPHIC ASPECTS 
OF THE PLACENTA 
Proefschrift 
ter verkrijging van de graad van doctor 
in de geneeskunde 
aan de Katholieke Universiteit te Nijmegen, 
op gezag van de Rector Magnificus 
prof dr. P. G А. В. Wijdeveld, 
volgens besluit van het College van Dekanen 
in het openbaar te verdedigen 
op vrijdag 1 februari 1980 
des namiddags te 4.00 uur 
door 
HENDRIK JOHAN HOOGLAND 
geboren te Utrecht 
1980 
K O N I N K L I J K E D K U K K E R I J G J T H I E M E BV, N I J M E G E N 
Copyright 1980 All rights reserved No part of this publication may be reprodu 
ced in any form by any photomechanical means without permission from the 
author 
Aan Emmy, Vivian, Barbara, Rozemarijn,... 
Aan mijn ouders. 
'The trouble with people isn 'tthat they don't know but that they know so much that 
ain't so' (Josh Billings) 
C O N T E N T S 
page 
Voorwoord 11 
CHAPTER 1 Historical Survey 13 
1 1 Anatomy 13 
1 1 1 Introduction 13 
1 1 2 Last century 13 
1 2 Ultrasonography 14 
1 2 1 Introduction 14 
1 2 2 Placentography by ultrasound 14 
CHAPTER 2 Material and Methods 16 
2 1 Introduction 16 
2 2 Patients 16 
2 3 Antenatal care 17 
2 3 1 Obstetrical data 17 
2 3 2 Hypertensive disorders of pregnancy 18 
2 3 3 Smoking during pregnancy 18 
2 4 Ultrasonography 19 
2 4 1 Introduction and definitions 19 
2 4 2 Display modes 21 
2 4 3 Artifacts in ultrasonography 23 
2 4 3 1 Introduction 23 
2 4 3 2 Resolution limitations 23 
2 4 3 3 Tissue attenuation 23 
2 4 3 4 Reflection 24 
2 4 3 5 Refraction 25 
2 4 3 6 Diffraction 25 
2 4 3 7 Reverberation 25 
2 4 4 Safety of diagnostic ultrasound 27 
2 4 4 1 Introduction 27 
2 4 4 2 Definitions 27 
2 4 4 3 Collapse cavitation 29 
2 4 4 4 Resonant bubbles 29 
2 4 4 5 Heating effect 29 
2 4 4 6 Direct effects 30 
2 4 4 7 Conclusions 31 
2 4 5 Ultrasonographic equipment 31 
2 4 5 1 Introduction 31 
2 4 5 2 Definitions 32 
2 4 5 2 1 Acoustic power control facilities 32 
2 4 5 2 2 Dynamic range control 33 
2 4 5 3 Setting of the ultrasonographic equipment 33 
2 4 5 4 Calibration of the ultrasonographic equipment 33 
2 4 5 5 Scanning procedure 33 
2 5 Measuring procedure 34 
2 6 Photographic equipment 36 
2 7 Handling of the placenta 36 
CHAPTER 3 Placental Growth 38 
3 1 Introduction 38 
3 1 1 Ultrasonographic study of the placenta 40 
3 2 Results 42 
3 2 1 Growth curve 42 
3 2 2 Placental growth in the first part of pregnancy 44 
3 2 2 1 Placental surface area at a menstrual age of 150 
days, related to the occurrence of hypertensive disorders 
later in pregnancy 45 
3 2 2 2 Placental surface area at a menstrual age of 150 
days and smoking during pregnancy 45 
3 2 2 3 Placental surface area at a menstrual age of 150 
days and birth weight 47 
3 2 3 Ultrasonographic measurements at term 48 
3 2 3 1 Placental surface area at term and hypertensive 
disorders of pregnancy 49 
3 2 3 2 Placental volume box at term and hypertensive 
disorders of pregnancy 49 
3 2 3 3 Placental surface area at term and smoking during 
pregnancy 51 
3 2 3 4 Placental volume box at term and smoking during 
pregnancy 51 
3 2 3 5 Ultrasonographic measurements at term, related 
to placental and fetal outcome 52 
3 2 3 5 1 Placental surface area before and after 
delivery 52 
3 2 3 5 2 Placental surface area before delivery, 
related to placental volume after delivery 54 
3 2 3 5 3 Placental surface area before delivery, 
related to placental weight 54 
3 2 3 5 4 Placental surface area before delivery, 
related to birth weight 54 
3 2 3 5 5 Placental volume box before delivery, 
related to placental and fetal outcome 54 
3 3 Conclusions 55 
CHAPTER 4 Placental Localization 57 
4 1 Introduction 57 
4 1 1 Conclusions 59 
4 2 Definitions of placental location 60 
4 3 Distribution of placental location 61 
4 3 1 Conclusions 64 
4 4 Placental site and clinical data 66 
4 4 1 Anterior versus posterior location 66 
4 4 1 1 Hypertensive disorders of pregnancy in anterior 
and posterior placentas 66 
4 4 1 2 Birth weight in anterior and posterior placentas 67 
4 4 2 Anterior sub localizations 67 
4 4 2 1 Subdivision of anteriorly located placentas, with 
respect to hypertensive disorders of pregnancy and birth 
weight 67 
4 4 2 2 Changing placental position in utero, with regard 
to hypertensive disorders of pregnancy and birth weight 69 
4 4 2 3 Transverse subdivision of anteriorly located pia 
centas, in relation to fetal position in utero 70 
4 4 3 Conclusions 71 
CHAPTER 5 Placental Morphology 72 
5 1 Introduction 72 
5 1 1 Ultrasonography 72 
5 1 2 Morphology 74 
5 2 Results 79 
5 2 1 Ultrasonographic and morphologic comparison 79 
5 2 1 1 The uniform grey placenta 79 
5 2 1 2 Diffuse difference in transsonity 79 
5 2 1 3 Cup shaped decreased transsonity 84 
5 2 1 4 Decreased transsonity at basal decidual layer level 86 
5 2 1 5 Decreased transsonity at the level of the chorionic 
plate 88 
5 2 1 6 Nodular increased transsonity 89 
5 2 1 7 Central increased transsonity in cup shaped struc-
tures 92 
5 2 1 8 Increased transsonity at subchorial layer level 94 
5 2 2 Differences in transsonity, not related to morphologic fin-
dings in the placenta 97 
5.2.3. Morphologic findings in the placenta, not related with dif-
ferences in transsonity 100 
5.2.4. Physiological changes in transsonity of the placenta during 
pregnancy 101 
5.2.5. Ultrasonographic changes in the placenta, related to clini-
cal data 106 
5.3. Conclusions 110 
Summary 113 
Samenvatt ing 117 
References 121 
Curriculum Vitae 127 
10 
V O O R W O O R D 
Het in dit proefschrift resulterende onderzoek werd begeleid door prof dr J de 
Haan en prof dr G Ρ Vooijs en uitgevoerd in de Kliniek voor Gynaecologie en 
Verloskunde (hoofden prof dr Τ К А В Eskes en prof dr J L Mastboom) 
en het Instituut voor Pathologische Anatomie (hoofd prof dr G Ρ Vooijs) van 
de Katholieke Universiteit te Nijmegen 
Velen hebben bijgedragen in het tot stand komen van dit proefschrift, van hen 
wens ik de volgende met name te noemen 
Mijn ouders, die een onbezorgde studententijd hebben mogelijk gemaakt Met 
name mijn vader ben ik dank verschuldigd aangezien hij mij ook tijdens het 
schrijven van dit proefschrift met raad en daad heeft bijgestaan 
Wijlen prof J J Groen (hoofd Audio fysisch laboratorium te Utrecht), die de 
basis legde voor mijn wetenschappelijke interesse 
Collega van Rees, die zorg droeg voor anderhalf jaar algemeen chirurgische 
training, welke mij tijdens de opleiding tot gynaecoloog armslag gaf me weten 
schappelijk te oriënteren 
Collegae Anschutz en Lameris, die bij mij de primaire belangstelling voor de 
gynaecologie en verloskunde hebben gewekt 
Collegae Luyken en Verhoeven, bij wie ik mijn В opleiding genoot tijdens 
welke mij de mogelijkheid werd geboden me in de echoscopische technologie te 
verdiepen 
Prof dr С В Martin jr en dr R Th R Weniges ben ik dankbaar voor hun 
kritische opmerkingen aangaande de engelse respectievelijk nederlandse 
teksten 
Dr R de Graaf, die met zijn staf van de Mathematisch Statistische Afdeling 
(hoofd drs Ph van Eiteren) de statistische bewerking van de onderzoekgege 
vens verrichtte 
Mevr M Akkermans de Leeuw verzorgde als medewerkster van de Medische 
Tekenkamer (hoofd W Ρ J Maas) de getekende illustraties 
De Fotografische Dienst (hoofd A Th A Reynen) in samenwerking waarmee 
de vele fotografische illustraties werden vervaardigd 
De staf van de Medische Bibliotheek (hoofd E de Graaff) die veel 'literair' 
speurwerk voor mij verrichtte 
De staf van het Histologisch Laboratorium bedank ik voor het enthousiasme 
en de nauwgezetheid waarmee het p lacentamatenaal werd behandeld 
De staf van de Verloskamers (hoofd zr С E M Kroon Leeflang) en mijn 
11 
mede-assistenten, die over 'mijn' placenta's waakten als betrof het hun eigen 
onderzoek 
Mej С Don die in zeer korte tijd het manuscript uittypte 
De patiënten die met veel enthousiasme en geheel belangeloos aan dit onder 
zoek meewerkten 
De firma IBM die een schrijfmachine ter beschikking stelde 
I am indebted to the American Institute of Ultrasound in Medicine for their 
support and advice in mat ters concerning safety of diagnostic ultrasound 
De Subfaculteit der Geneeskunde stelde mij in de gelegenheid tijdens een stu 
diestage, in het kadei van 'de bevordering onderzoek arts-assitenten', de gege 
vens van dit onderzoek uit te werken 
Emmy, jou wil ik in het bijzonder bedanken voor de steun die JIJ mij gedurende 
deze stormachtige periode hebt gegeven Met name de controles van de duizen 
den computergegevens en de correcties van het manuscript en de drukproeven 
zijn mede door jouw toedoen minutieus uitgevoerd 
12 
CHAPTER 1 
H I S T O R I C A L S U R V E Y 
1 1 Anatomy 
1 1 1 INTRODUCTION 
The mystery of placentation has puzzled mankind from the time of the early 
Egyptien religion, when the placenta was considered to be the 'External Soul', 
until today when in spite of sophisticated technology one is still dealing with an 
enormous number of unsolved questions related to the anatomy and physiology 
of the human placenta 
The first signs of scientific interest in the placenta are the descriptions of ARIS 
TOTLF (384 322 BC), who introduced the name 'chorion' (χωρίον ), meaning after 
birth Hippocrates named the essential connection between mother and fetus 
'kotuledon' ( κοτυλεδον ), meaning suction pad Galen (130-200) described a 
direct vascular connection between mother and child, by which route spiritual 
and alimentary blood could reach the fetus RFAI пиь COLUMBUS (1559) was the 
first who used the word 'placenta' ( πλακους ), meaning flat cake, for the feto 
maternal organ ARANTI us (15641 proved there was principally no materno fetal 
vascular connection, this in agreement with the vision of the famous anatomist 
HARVEY ( 1651) The eighteenth century was dominated by the brothers WILLIAM 
( 1718-1783) and J O H N H U N T E R (1728 1793), who pushed the investigation of the 
histological and cytological structure of the placenta and its circulation 
This period was the beginning of the enormous histological and physiological 
res>earch on the placenta, on which foundation our present knowledge and this 
thesis is based 
1 1 2 LAST CENTURY 
Without any doubt, fetal development and well being is strongly related to the 
functions and anatomical structure of the placenta (ADAIR and THELANDER, 
1925, KIOOSTERMAN and H U D L K O P E R , 1954, ADERNE 1966) To what extent 
macroscopic lesions of the placenta are related to placental dysfunction is still 
a controversial point (Fox, 1978) 
Nearly all information about the physiology and pathophysiology of the pia 
centa is derived from animal studies or postnatal investigation of the human pia 
centa Therefore the influence of the placenta on fetal well being could only be 
studied retrospectively Al \ \КУ/ ( 19641 and Ai ADII M ( 1968) introduced a meth 
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od of t rans abdominal biopsy of the human placenta to obtain material for 
microscopic examination ALADJLM did not find any fetal or maternal complica-
tion from this procedure, but the success rate (40%) of obtaining enough placen-
tal material was rather low A less invasive way of dealing with placental mor-
phology during pregnancy was sought 
1 2 Ultrasonography 
1 2 1 INI RODUCTION 
After World War II, ultrasonic energy was used in medicine for at least two pur 
poses 
- heat application to tissues, 
- visualisation of tissues for diagnostic purposes 
HOWRY and BLISS (1952) studied differences in acoustic impedance of several 
human tissues DONALD et al (1958) described the value of ultrasonography in 
the investigation of abdominal masses in obstetrics and gynaecology 
From this moment onward the development of ultrasonographic techniques 
and their application underwent a real boom During pregnancy many fetal fea-
tures can be demonstrated and measured by ultrasonography, so by this non 
invasive technique the obstetrician is able to follow fetal development through-
out pregnancy Besides the fetus, also placental tissue can be demonstrated by 
ultrasonography In this respect, the development of 'Grey scale ultrasono-
graphy' (DONALD 1976a) has been of great importance 
12 2 PLACENTOGRAPHY BY ULTRASOUND 
Ultrasonographic study of the placenta was introduced as a reliable method of 
placental localization by GOTTESFELD et al (1966) According to these authors, 
this technique is superior to the techniques using isotopes These results were 
corroborated by several authors (ROBINSON and GARRETT, 1970, KOBAYASHI et 
al , 1970, KuKARD and FREEMAN, 1973, DONALD, 1974) 
The first ultrasonographic study of placental growth was done by HOLLANDER 
and MAST (1968), measuring only placental thickness HELLMAN et al (1970b) 
introduced a method of determining placental volume by ultrasonography 
Another method of placental volume measurement was decnbed by BLEKER et 
al (1977) 
The morphological investigation of the placenta by ultrasound started when 
WINSBERG (1973) discovered its differences in acoustic impedance FISHER et al 
(1976) found by grey scale ultrasonography more acoustic differences than had 
been described by WlNbBLRG (1973) The results of FISHER have been confirmed 
by many others (STEIN et al, 1 9 7 7 , H A N E Y andTROUGHT, 1 9 7 8 , G R A N N U M et al, 
1979, HOOGLAND, 1979, VANDENBERGHE, 1979, KOZLOWSKI étal, 1979) 
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Although the application of ultrasonography for studying the placenta during 
pregnancy has been described by many authors, clinical value is still restricted 
to reliable determination of placental location in utero 
In this study, possible correlations are studied between 
- placental growth and the course and outcome of pregnancy, 
- placental location and the course and outcome of pregnancy, 
- ultrasonographic findings and placental morphology, 




M A T E R I A L A N D M E T H O D S 
2.1. Introduction 
In order to detect the possible correlations as mentioned on page 15, a serial pro-
spective ultrasonographic study of placental growth, localization and differen-
ces in transsonity was done. The obtained information was, if possible, related 
to clinical data. Growth of the placenta and changes in acoustic impedance were 
related to findings after delivery as well with respect to placental dimensions as 
to morphology. 
2.2. Patients 
For this study ultrasonographic localization of the placenta was performed in 
109 primigrávidas during the first part of pregnancy (fig. 1). 
Nunber 
of patients 
< 56 56 70 84 98 112 126 140 154 > 154 * Days 
Fig. 1. Distribution of patients (n = 54), with regard to the menstrual age at 
which the first ultrasonographic investigation was done. 
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A division was made between anteriorly (56) and posteriorly (53) located pia 
centas Only patients with an anteriorly located placenta were studied serially 
from the first half of pregnancy until delivery, because an ultrasonographic 
study of the placenta can only give reliable results if the placenta is located on 
the anterior uterine wall Thereby artifacts due to the acoustic shadow (page 
24) of overlying fetal parts are avoided Two patients, from the anterior wall 
group, were excluded during the study one patient with a twin pregnancy and 
one patient who refused further cooperation So only 54 patients were studied 
serially In case of a primarily posteriorly located placenta, the position of the 
placenta was again checked between the 33th and 35th week of gestation 
In respect to duration of pregnancy, in our study we will use the expression 
'gestational age' or 'menstrual age', indicating the time since ovulation, aug 
mented by 14 days In case of uncertain gestational age (uncertainty > 7 days), 
crown rump length or bipanetal diameter of the fetus was measured at least 
twice during the first part of pregnancy, and gestational age was calculated from 
these measurements 
Uncertain gestational age was encountered in 14 out of 54 (26%) anteriorly 
located placentas, and in 10 out of 53 (19%) posteriorly located placentas 
2 3 Antenatal care 
Antenatal care was performed according to the following schedule 
- from the 49th day until the 126th day, once per four weeks, 
- from the 126th day until the 196th day, once per three weeks, 
- from the 196th day until the 266th day, once per two weeks, 
- from 266th day until delivery, weekly 
Results obtained by the ultrasonographic investigation of the placenta were not 
used in the clinical management during pregnancy 
2 3 1 OBSTETRICAL DAI A 
At the first antenata l control, standard obstetrical and gynaecological investi 
gation was done as well as determination of initial values of creatinine and uric 
acid During pregnancy following data were obtained 
- blood pressure (mm Hg), 
- albuminuria (semiquantitatively and quantitatively (mg/24 hours)), 
- weight gain (gr/week), 
- in case of 'hypertensive disorders of pregnancy', the values of creatinine 
(//mol/1), and uric acid (μτηοΐίί) were redetermined 
Clinical or biochemical data which might be related to placental growth and/or 
morphological appearance were taken into account In this respect two groups 
of patients were studied especially the 'hypertensive disorders of pregnancy' 
group and the 'smoking during pregnancy' group 
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2.3.2. HYPERTENSIVE DISORDERS OF PREGNANCY 
F o r d i a g n o s i s of ' h y p e r t e n s i v e d i s o r d e r s of p r e g n a n c y ' , two g r o u p s of c r i t e r i a 
w e r e c o n s i d e r e d : m a j o r c r i t e r i a ( tab le I) a n d m i n o r c r i t e r i a ( table I I ) . 
Table I Major criteria for the diagnosis 'hypertensive disorders of pregnancy'. 
I n i t i a l D i a s t o l i c Blood P r e s s u r e D i a s t o l i c Blood P r e s s u r e I n c r e a s e 
(I.D.B.P) (D.B.P.I . ) 
I .D.B.P.< 65 itm Hg *++ D . B . P . I . > 20 nm Hg over I .D.B.P. 
65 inn Hg < I .D.B.P.< 75 inn Hg *•••>• D . B . P . I . > 85 rnn Hg 
I . D . B . P > 75 nm Hg +*+ D.B.P.I.> 10 irai Hg over I .D.B.P. 
Table II Minor criteria for the diagnosis 'hypertensive disorders of pregnancy' 
Albmiinuria > 150 mg/24 hours 
Kidney Function t e s t s : 
Creatinine > 70 μποΐ/ΐ 
Uric Acid > 400 ymol/1 
Weight Gain > 2000 gram/2 weeks 
B a s e d on t h e prev ious ly d e s c r i b e d c r i t e r i a , t h e following g r o u p s w e r e dis t in­
g u i s h e d · 
- T h e ' o p t i m a l ' g r o u p : Only t h o s e p r e g n a n c i e s w e r e c o n s i d e r e d to be ' o p t i m a l ' 
w h e r e n o m a j o r or m i n o r c r i t e r i a a r o s e d u r i n g p r e g n a n c y (n = 14). 
- T h e i s o l a t e d h y p e r t e n s i o n d u r i n g p r e g n a n c y g r o u p : T h i s g r o u p was c o m p o s e d 
of t h o s e p r e g n a n c i e s w h e r e only a m a j o r c r i t e r i o n a n d no m i n o r c r i t e r i o n w a s 
p r e s e n t d u r i n g p r e g n a n c y (n = 13). 
- T h e p r e e c l a m p t i c g r o u p : T h i s g r o u p w a s c o m p o s e d of t h o s e p r e g n a n c i e s 
w h e r e one m a j o r a n d a t l e a s t one m i n o r c r i t e r i o n w e r e p r e s e n t d u r i n g preg­
n a n c y (n = 7) . 
- T h e r e s t g r o u p : T h i s g r o u p w a s c o m p o s e d of t h o s e p a t i e n t s w h e r e only one or 
m o r e m i n o r c r i t e r i a w e r e p r e s e n t d u r i n g p r e g n a n c y (n = 20). 
2.3.3. SMOKING DURING PREGNANCY 
T h e n e g a t i v e i n f l u e n c e of s m o k i n g d u r i n g p r e g n a n c y on fe ta l w e i g h t h a s b e e n 
r e p o r t e d in m a n y s t u d i e s . I n a r e c e n t s tudy, N A Y E (1978a) d e s c r i b e d di f ferences 
in i n f a n t b i r t h w e i g h t b e t w e e n mi ld s m o k e r s (1-20 c i g a r e t t e s / d a y ) , h e a v y smo-
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kers ( > 20 cigarettes/day) and non-smokers. This study also demonstrated a 
negative effect of smoking on placental weight. 
In our study the following groups are considered: 
- non-smoking (n — 22) ; 
- mild smoking C< 10 cigarettes/day) (n = 13); 
- heavy smoking (> 10 cigarettes/day) (n = 15). 
2.4. Ultrasonography 
2.4.1 . INTRODUCTION AND DEFINITIONS 
Ultrasonography is a very widely used diagnostic technique in obstetrics and 
gynaecology. In this chapter only a short description of the terms and techniques 
used will be given; 
- Piezoelectric principle: Many crystals have piezoelectric properties which 
means that, if an electric current is passed through the crystal, the shape of 
the crystal changes according to the polarity of the electric current and thus 
sound waves are generated, the frequency of which is dependent on the crystal 
properties. On the other hand, sound waves applied to the crystal are able to 
produce an electric current. 
- Continuous wave (CW) mode: An ultrasound emitting device (transducer) 
vibrates. When the vibratory motion is maintained without interruption, the 




Y (pressure, density, motion) varies with time for continuous-wave mode. 
Pulsed-mode: In most devices used in diagnostic medicine, ultrasonic energy 
is not delivered continuously but in a series of identical pulses, each pulse con­
sisting of a few cycles (fig. 3). 
Frequency: The frequency of the emitted sound is equal to the number of vi­
brations or cycles occurring in one second. Hertz (Hz) is the unit of frequency. 
A megahertz (MHz) is equal to one million cycles per second. Frequency (f) is 




Fig. 3. Y (pressure, density, motion) varies with time for pulsed-mode. 
The higher the frequency, the shorter the wavelength. High frequency sound 
waves are more directional than low frequency sound waves. The resolution 
properties of a sound beam increase with decreasing wave length. Conse­
quently a high frequency sound beam gives more exact information of struc­
tures in the beam compared to a low frequency sound beam. However, the atten -
nation of high frequency waves is greater than t h a t of low frequency waves, 
since the tissue absorption of sound energy is greater in high frequency waves. 
Resolution: Resolution is the minimum distance required between two target 
points in an ultrasound beam in order to register each point as a distinct entity. 
As has been mentioned before, the higher the frequency, the better the reso­
lution. Lower frequency sound has excellent transmission but poor resolution 
properties. 
Acoustic impedance: The transmissivity of an ultrasound beam depends on 
sound velocity (v) and the density (d) of the medium. The transmissivity 
through a medium is defined as acoustic impedance (z). Acoustic impedance 
is related to the product of speed of sound in a given medium and the tissue den­
sity: 
ζ a d.v 
If two media have different acoustic impedance, a sound beam directed to the 
interfase of the two media will be reflected in proportion to the impedance dif­
ference. 
Period: The period of a sound wave is defined as the time required for one cycle 
(fig. 2). The period is equal to the reciprocal of frequency: 
period 1 
frequency 
For example, the period corresponding to a frequency of 5 MHz is given by: 
1 1 
period = 
frequency 5,000,000 :0.0000002 s = 0.2,us. 
When a transducer vibrates with a frequency f, each small part of the medium 
contacted by the device and in the sound beam vibrates with the same fre-
20 
quency f Pressure and density in the medium also vary with the same fre 
quency 
- Pulse duration The time from the beginning to the end of a pulse is called 
'pulse duration' (fig 3) 
- Pulse repetition frequency The pulse repetition frequency is the number of 
pulses per second 
- Pulse repetition period The time between corresponding parts of successive 
pulses is the pulse repetition period (fig 3) Pulse repetition period is equal to 
the reciprocal of the pulse repetition frequency 
1 
pulse repetition period pulse repetition frequency 
If the pulse repetition frequency is 600 pulses per second, the pulse repetition 
period is 0 0017 s d e , 1 7 millisecond or 1 7 ms) 
Duty factor The duty factor gives the fraction of the time during which the 
crystal is activated and is given by the ratio 
pulse duration 
duty factor = · 
pulse repetition period 
If pulse duration is 1 5 /.is , and the pulse repetition period 1 7 0 0 , u s ( i e , 1 7 m s ) , 
the duty factor is 1 5/1700 or 0 0009 (0 09%) 
A diagnostic ultrasonic device (transducer) emits a high frequency pulsed mode 
sound by means of a piezoelectric crystal Pulse duration is very short and during 
the interval between pulses the piezoelectric crystal receives the sound waves 
reflected from the interfaces between media of different acoustic impedances 
The sound waves are transformed into electric currents, which are displayed on 
an oscilloscope The distance of the reflecting interface from the transducer can 
be measured from the interval between pulse and echo 
The frequency used in diagnostic ultrasound depends on the type of investi 
gation 
- High frequency sound beam for superficial structures and when high résolu 
tion is required 
- Low frequency sound beam for deep lying structures and when tissue has a 
high acoustic impedance (e g , bone) 
Generally in gynaecology and obstetrics a 2 5 or 3 5 MHz transducer is used 
2 4 2 DISPI AY MODES 
The display of reflected echoes may be by A mode, В mode or TP (M) mode 
- A mode (amplitude mode) The A mode system displays the electrically con 
verted echo pattern as vertical spikes The amplitude of the spikes is propor 




bladder L spine 
В-mode 
TP-mode 
Fig. 4. Amplitude (A)-mode, brightness (B)-mode and time position (TP)-mode 
display of a transverse scan of the abdomen. 
a calibrated tracing, corresponding to the distance of the reflecting interfaces 
from the face of the transducer (fig. 4). 
B-mode (brightness mode) : The B-mode differs from the A-mode in that re­
flected energy to the transducer is converted into a display of dots and lines, the 
brightness of which varies with the intensity of the reflected waves. By moving 
the transducer in the desired plane of investigation, a two dimensional display 
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of the dots is obtained In this way a two dimensional representation of internal 
structures can be built up on the oscilloscope screen (fig 4) 
- TP (M) mode (time position [motion] mode) The TP mode display consists of 
a single line В mode tracing moving across the oscilloscope at selectable 
speed By this mode the motion of organs can be detected and recorded (fig 4) 
- Grey scale imaging Due to improved scan converter facilities, which have 
been extensively described by DONALD (1976a), the grey scale echoscopie 
apparatus displays a dynamic range of echo amplitudes as varying shades of 
grey instead of the threshold display of the conventional В mode 
2 4 3 ARTIFACTS IN ULTRASONOGRAPHY 
2 4 3 1 Introduction 
Echoes from scanned structures vary according to differences in acoustic impe­
dance, tissue at tenuation from overlying structures, organ depth, size and 
shape Since artifacts are due to physical sound properties, one has to deal with 
the following aspects 
- resolution limitations, 





2 4 3 2 Resolution limitations 
As has been discussed on page 20, resolution is defined as the minumum dis­
tance required between two targets in order to register each point as a distinct 
entity Resolution is directly related to the frequency of the ultrasonic beam 
Higher frequency gives better resolution than lower frequency Also, the degree 
of divergence of the sound beam is an essential determining factor in the reso­
lution property of the oscillating crystal 
As a consequence of resolution limitations, one has to consider that two dis­
tinct points may be displayed as a line or one point Consequently, one has to use 
a transducer with the highest possible frequency, to avoid serious resolution 
limitations 
2 4 3 3 Tissue attenuation 
Sound energy is absorbed by tissue The amount of resorption is directly related 
to the acoustic impedance of the tissue (bone, high, water, low), and the fre 
quency of the emitted sound wave (high frequency, at tenuation Î , low fre-
quency, at tenuation I) Due to this phenomenon of sound at tenuation in tissue, 
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acoustic shadow 
Fig. 5. Longitudinal scan at 16 weeks of gestation ; note acoustic shadow under-
neath fetal parts (FP). AW: abdominal wall; P : placenta. 
s tructures underlying tissue of high acoustic impedance are not always dis-
played correctly due to so called 'acoustic shadowing' (fig. 5). 
2.4.3.4. Reflection 
Reaching an interface between two tissues of different acoustic impedance, one 
part of the ultrasound beam is reflected while another part is transmitted. The 
angle of incidence öj between the ultrasound beam and the reflecting interface 
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medium 1 medium 1 
medium 2 (a) medium 2 (b) 
Fig 6 The acoustic effects of an ultrasound beam reaching an interface 
between tissues of different acoustic impedance a reflection, b refraction Θ, 
incident wave angle,
 г
 reflected wave angle, 0l t ransmitted wave angle 
is an important factor, affecting the proportion of energy reflected and determi 
ning also the angle of the reflected beam The angle of reflection
 г
 is a deter 
mining factor in how the receiver collects and displays the reflected signal If the 
angle of incidence is too large the reflected wave will not reach the receiver, so 
the interface will not be displayed (fig 6a) 
2 4 3 5 Refraction 
When a sound beam reaches an interface at an angle , (fig 6b), the transmitted 
wave will have a new direction, given by Snell's law, 
SinOt _ v¿ 
8ιηθ, "" "vT 
where V! is sound velocity in tissue 1, and V2 sound velocity in tissue 2 6t is defined 
in fig 6b Due to refraction, underlying structures are imaged in an altered rela 
tion to the overlying tissue 
2 4 3 6 Diffraction 
Diffraction is defined as the change in direction of a sound beam by passing close 
(1 2 wavelengths) to an object, resulting in the same artifact as described under 
refraction 
2 4 3 7 Reverberation 
The face of the transducer may act as a reflecting surface to returning sound 
waves Consequently the sound beam bounces back from this surface and after 
reflection in the tissue, hits the transducer again to be displayed on the oscillo 
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Fig. 7. Longitudinal scan at 18 weeks of gestation showing at least three parallel 
lines due to reverberation, at basic decidual layer level. AW: abdominal wall; 
P : placenta; FP: fetal parts . 
scope at a distance twice as far from the transducer as the original echo. This 
pat tern may be repeated with progressively weaker echoes. This phenomenon is 
called reverberation and produces confusing artifacts. Reverberation is most 
frequently seen due to the interface between transducer and the abdominal wall, 
and makes it sometimes impossible to distinguish the basal decidual layer of 
anteriorly located placentas from reverberation echoes (fig. 7). 
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2.4.4. SAFETY OF DIAGNOSTIC ULTRASOUND 
2.4.4.1. Introduction 
There are four major mechanisms by which ultrasound may interact with the 
medium in which the beam is directed: 
- collapse cavitation; 
- resonant bubbles ; 
- heat ing; 
- direct effects. 
All four mechanisms are dependent on frequency and intensity used, and the 
exposure time (American Institute of Ultrasound in Medicine ( AIUM, 1978) ). For 
better understanding, some acoustical definitions concerning intensity are 
given below. 
2.4.4.2. Definitions 
- Power: The acoustic power generated by a device is equal to the amount of 
acoustic energy it produces in unit time. The power is one Watt (1 W), if one 
Joule (1 J) of energy is produced per second (s). The Joule is equal to 0.239 
calories (cal), where the calorie is the amount of heat energy required to raise 
the temperature of one gram of water by one degree Celsius. If an ultrasonic 
device is operated in pulsed mode, power varies with time. The assumption has 
been made (AIUM 1978) that in pulsed mode devices, power is related to the 
peak value (fig. 8) during each pulse, and is zero between pulses. 
The average (average over time) power, is the power averaged over a pulse 










Power varies with time for pulsed-mode. (reproduced by the courtesy of 
the American Institute of Ultrasound in Medicine). 
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The average power is related to the peak value by the formula: 
average power = peak power χ duty factor 
For example, the peak power is about 10 W for some equipment, and the duty 
factor is 0.0009, so the average power is 0.009 W or 9 mW. 
Intensity: With regard to possible side effects of ultrasound, these will be re­
lated to the intensity or 'power density' of a sound beam. Intensity is the con­
centration of power within an area and is usually expressed in either of two 
ways; Watts per square-meter (W/m ) or in milliwatts per square-centi­
meter (mW/cm ) 
1 mW/cm2 10 W/m2; IW/m2 = 0.1 mW/cm2 
There are many ways to describe intensity, because intensity is not constant 
throughout the beam and, for pulsed mode, it also varies with time. Some 
intensity definitions are elucidated here (fig. 9) : 
intensity 
t 




- S ATP 
time—^ 
Fig. 9. Intensity for pulsed-mode, varies with both time and space. SPTP: spa­
tial-peak, temporal-peak intensity; S ATP: spatial-average, temporal-peak 
intensity; SPTA: spatial-peak, temporal-average intensity; SATA: spatial-
average, temporal-average intensity, (reproduced by the courtesy of the Ameri­
can Institute of Ultrasound in Medicine). 
- SA intensity: Spatial average intensity is obtained by dividing the total power 
by a suitable area of the transducer face. 
- S P intensity: Spatial peak intensity is the highest intensity found in the ultra­
sound beam and occurs a few centimeters in front of the transducer. The SP 
intensity exceeds the SA intensity by a factor (SP/SA factor) of 2 to 3. 
SP intensity 
SP/SA factor : SA intensity 
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- SATA intensity Spatial average, temporal average intensity is the quantity 
most readily measured and quoted by manufacturers It is generally obtained 
by measuring average power (measured usually by calonmetry) and dividing 
this by the area of the transducer face 
- SAT Ρ intensity Spatial-average, temporal peak intensity is the spatial aver­
age (SA) value of the intensity during a pulse To obtain this figure, the SATA 
value is divided by the duty factor 
Q A r r T J . t SATA intensity 
SATP intensity = — — 
duty tactor 
- SPTA intensity Spatial peak, temporal average intensity is the intensity at 
the position of the spatial-peak, averaged over time, and is a quantity referred 
to in discussing possible bioeffects To calculate SPTA intensity, the SATA 
value is multiplied by the SP/SA factor 
SPTA intensity = SATA intensity χ (SP/SA factor) 
- SPTP intensity Spatial-peak, temporal peak intensity, is the intensity at the 
spatial peak during a pulse To calculate it from the SATA value, divide by the 
duty factor and multiply by the SP/SA factor 
„ „ „ , „ SATA intensity χ (SP/SA factor) 
SPTP intensity =
 3—^ duty factor 
The possible bioeffects induced by ultrasound will be discussed separately 
2 4 4 3 Collapse cavitation 
Collapse cavitation is only seen in extremely intense fields produced by conti 
nuous wave mode This effect is used in ultrasonic cleaners 
2 4 4 4 Resonant bubbles 
Resonant bubbles are formed at lower intensities These bubbles are nucleated 
by minute, naturally occurring gas bubbles within the tissue The bubbles grow 
until reaching a resonant size relative to the ultrasonic wavelength Changing 
dimensions of the bubble result in vortex formation in the surrounding fluid For 
mation of the resonating bubbles takes time, so it is also a phenomenon associ 
ated with continuous wave mode, and it has not been shown of any importance 
in pulsed echo ultrasound 
2 4 4 5 Heating effect 
The rise of temperature in a pulsed echo ultrasound field will be neglectable if 
the spatial peak, temporal average (SPTA) intensity does not exceed 100 
mW/cm andtota l exposure time does not exceed 500 sec (safety limit American 
Institute of Ultrasound in Medicine, 1978) (fig 10) 
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exposure time (seconds) 
Fig. 10. Exposure limit of ultrasound equipment, laid down by the American 
Institute of Ultrasound in Medicine (AIUM)-Bioeffects Committee, (reproduced 
by the courtesy of the AIUM). 
2.4.4.6. Direct effects 
Direct effects are those which can be demonstrated, but for which until now no 
scientific base has been found (for instance, accelerated wound healing after 
ultrasound exposure). As for the direct effects, the reassuring fact is tha t no 
damaging biological effects have yet been reported in l i terature with the inten­
sities used in diagnostic pulsed-mode ultrasonography (HELLMAN et al, 1970a; 
DONALD 1976b; American Institute of Ultrasound in Medicine, 1978). 
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STATEMENT CM mWOLIfiN Ш VIVD 
ULTRASCNIC BIQIDGICÄL EFEBCTS 
August 1976: Revised Octcber 1978 
In low megahertz frequency range t h e r e have been (as of t h i s 
date) no independsntly oanfirmed s i g n i f i c a n t b i o l o g i c a l e f f e c t s 
in manmalian t i s s u e s exposed t o i n t e n s i t i e s 1 belcw 100 irti/an2 . 
Furthermore, f o r u l t r a s c n i c exposure t imes 2 l e s s than 500 seconds, 
such e f f e c t s have no t been danonst ra ted even a t h igher i n t e n -
s i t i e s ,vdien the product of i n t e n s i t y 1 and exposure time2 i s 
l e s s than 50 j o u l e s / a n 2 . 
1
 S p a t i a l peakjtarrporal average as measured in a f ree f i e l d i n 
water . 
2
 To ta l t i m e ; t h i s inc ludes of f - t ime as we l l as on-time for a 
r e p e a t e ^ p u l s e regime. 
Fig 11. S t a t e m e n t by t h e American Institute of Ultrasound in Medicine (AIUM)-
Bioeffects C o m m i t t e e , ( r ep roduced by t h e cou r t e sy of t h e A I U M ) . 
2 4 4 7 Conclusions 
T h e probab i l i ty of biological effects of u l t r a s o u n d i n c r e a s e s wi th h i g h e r i n t e n -
s i t ies , i n c r e a s e d d u t y fac tor , i n c r e a s e d to t a l exposu re t i m e a n d i n c r e a s e d acous -
tic i m p e d a n c e of t h e i n s o n a t e d t i s sue . 
Based on t h e def in i t ions m e n t i o n e d above , t h e A m e r i c a n I n s t i t u t e of U l t r a -
sound in Medic ine (AIUM) pub l i shed a s t a t e m e n t on biological effects by u l t r a -
sound, in A u g u s t 1976, wh ich was rev i sed in Oc tobe r 1978 (fig. 10 en 11). 
2 .4 .5 . ULTRASONOGRAPHIC EQUIPMENT 
2 4.5 1. Introduction 
For th i s s tudy a D i a s o n o g r a p h (NE 4200) w a s used , c o n n e c t e d w i t h a g r e y s c a l e 
s c a n conve r t e r . T h e ve ry s t a b l e f r a m e of t h i s e q u i p m e n t is e s s e n t i a l for doing a 
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study where findings have to be reproducible. A full description of the setting of 
this equipment will be given in section 2.4.5.3. First some definitions of control 
facilities of the equipment will be described. 
2.4.5.2. Definitions 
2.4.5.2.1. Acoustic power control facilities 
- Tx-attenuation : The overall sensitivity of the system is set by two attenuators 
which control the amount of ultrasonic energy transmitted to the patient. The 
effect of the two at tenuators is additive; one at tenuates 0 to 50 dB in 10 dB 
steps, the other a t tenuates 0 to 8 dB in 2 dB steps. The system is least sensitive 
when the attenuators are set to 58dB and most sensitive when set to 0 dB. In 
the most sensitive setting the SPTA intensity is, according to the manufactu­
rer, far below the limits set by the AIUM (section 2.4.4.). 
- Swept gain controls: Initial attenuation, delay and slope; 
- initial attenuation: The function of the initial attenuation is to reduce the 
amplification of signals from structures close to the transducer to a level 
which makes them appear on the display at approximately the same order 
to intensity as weaker signals originating from deeper tissue structures. 
Figure 12 shows which parts of the attenuationversus-depth of the tissue 
relationship are regulated by each of the three swept gain controls. 
- delay: The delay control maintains the receiver gain at the level set by the 
initial attenuation control for a time which corresponds to the selected dis­
tance in soft tissue (fig. 12). 
- slope: At the end of the delay period the receiver gain recovers to maximum 
at a rate which is determined by the slope control (fig. 12). 




























Fig. 12. Swept gain control. 
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2 4 5 2 2 Dynamic range control 
The dynamic range control is used to set the difference, in dB, between the noise 
level of the system and the level of input signal which produces saturation at the 
video amplifier output Thus, if the dynamic range control setting is reduced, 
video amplification of all ultrasonic echoes is increased, saturation takes place 
with a lower level of input signal, and the ratio of saturating signal to minimum 
observable signal is decreased 
2 4 5 3 Setting of the ultrasonographic equipment 
Due to the fact that only anteriorly located placentas were studied, a 5 MHz 
transducer could be used, so optimal resolution could be obtained The sound 
velocity dial was set to 1540 m/sec and pulse repetition frequency (section 2 4 1 ) 
was set to 600 pulses per second To obtain a good image of the placenta with 
overall comparable greyness, Tx attenuation and initial attenuation (section 
2 4 5 2 ) were set individually in relation to the most important general distur 
bing factor, 'obesity' Tx attenuation was generally between 0 10 dB, while ini 
tial attenuation was 40 60 dB Delay properties were seldom used because of the 
superficial localization of the placenta 
In order to get maximal information from the superficial layer of the placenta, 
the slope (section 2 4 5 2 ) was keptto its maximum of 10 5 dB/cm Optimalgrey 
scale properties were achieved with a dynamic range of 40 dB The picture scale 
used was kept to 2/5th of full scale 
It was not possible to standardise the whole ultrasonographic process on 
account of the differing conditions presented by each patient 
2 4 5 4 Calibration of the ultrasonographic equipment 
In order to obtain reliable and reproducible measurements, calibration of the 
ultrasonographic equipment is essential A waterbath at 20° С was used in which 
threads were fixed horizontally, vertically and diagonally, with intervening spa 
ces of 1 cm The sound velocity dial was fixed to 1540 m/sec, and the calipers were 
related to the display of the waterbath phantoms, as was the photographic set 
ting A waterbath display was made every month Only once was resetting of the 
equipment necessary, after a new scan converter was installed 
2 4 5 5 Scanning procedure 
Ultrasonographic scanning of the placenta was done from the first half of preg 
nancy until delivery, in the same frequency as the antenata l examinations (page 
17), which resulted in a maximum of 15 ultrasonographic investigations pei 
patient throughout gestation During each investigation the patients were scan 
ned in supine position Ultrasonographic pictures were taken, first longitudi 
nally, from the right to the left side, every half centimeter Care was taken to get 
the correct insonation direction by getting a clear line at the boundary between 
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placenta and amniotic fluid The same procedure was followed in the transverse 
direction from symphysis upward in a right angle to the longitudinal sections 
If any focal region of different transsonity was registered, it was ultrasonograph 
ically marked and at least two photographs were taken in both directions, 
depending on the extent of the findings Umbilical cord insertion was marked 
and described if possible Greatest length width and thickness of the placenta 
were photographed and afterwards measured For testing the reliability of this 
measuring procedure at least twice during pregnancy a duplicate set of photo 
graphs was taken after a new setting, and these measurements were compared 
to those of the first set of photographs 
In a pilot study, also investigation of the placenta in a waterbath was done, but 
the differences in the ultrasonographic displays of the intrauterine as compared 
to the post delivery placenta are so great that no reliable comparison was pos 
sible Consequently no waterbath investigations were done in this study 
2 5 Measuring procedure 
Length and width of the chorial plate were measured by a curvimeter 
Calibration of the curvimeter was tested for reproducibility of measurements 
in two ways as well on a stretched as on a curved line of known length (fig 13) 
In the curvimeter calibration design, a radius of 4 cm was used to get at full 
length comparable measurements to the length of the chorial plate measured 
from the photographs (2/5th of full length) The measurements with the curvi 
meter were read in steps of 0 1 cm, thus corresponding with steps of 0 25 cm of 
full length Every curve of the calibration design was measured ten times The 
error in these series was smaller than 0 1 cm of full length, so in fully grown pia 
centas the error is about 0 5% On the basis of these measurements, the curvi 
meter was considered to be a reliable instrument for measuring placental chorial 
dimensions 
In our study an approximation of placental chorial surface area was made by 
measuring greatest length and width of the chorial surface area by ultrasound 
Placental 'volume box' was calculated by multiplication of greatest length, width 
and thickness of the placenta The measurements obtained were related to post 
natal measurements of the placenta and the newborn, and the clinical data 
during pregnancy 
Each photograph, of the ultrasonographic display of the placenta, was mea 
sured twice and if more than 0 4 cm difference was found between two measure 
ments, a series of five measurements was done and the average was taken This 
procedure was necessary only in twelve cases The greatest difference found 
between two corresponding measurements was 0 7 cm This difference might 
have been due to a wrong setting of the curvimeter Placental thickness was 
directly measured in centimeters and multiplied by 2\ (reducing factor of pho 
tograph) to get full thickness 





, 8 cm , 
h H 
Fig. 13. Curvimeter calibration model. Design: H. J. M. Jongsma (Ph.D). 
photographs was taken of greatest length and width of the same placenta to cal­
culate the accuracy of the measuring procedure. In order to calculate the rela­
tive error of the measuring procedure the following formula was used: 
, ^. | l 8 t measurement — 2n d measurement! „„ . , 
relative error = • χ 100% 
I 5 1 measurement 
In total 194 duplicate measurements of placental length and width were made. 
Considering all duplicate measurements of all patients together, a mean relative 
error was found of 3% with regard to placental length and width. Possibly these 
estimations are biased, because the observed errors in duplicate measurements 
on the same patient could be interdependent. However, if the mean of the mean 
relative error per patient was calculated of those patients with the same number 
of duplicate measurements, this ranged from 2 to 4% and in most cases it was 
found to be 3%. 
Therefore, only a very small relative error was made by the measuring proce­
dure used. 
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2 6 Photographic equipment 
A Shackman superseven camera body was fixed to the short persistence display 
oscilloscope Two photographic systems could be linked with the camera body 
a Polaroid 4 χ 5 Land film holder and a Wiesta rollfilm holder in which Ilford FP4 
rollfilm was used With the diaphragm of the camera set to f/4, the exposure time 
for Polaroid was 1/4 sec , while that for the rollfilm was 1 sec The ultrasono 
graphic findings were studied from the photographs, after development and 
fixation 
2 7 H a n d l i n g of t h e p l a c e n t a 
Handling of the placenta after delivery was standardized in the following way 
Directly after delivery, the cord was cut 5 cm from its chonal base and the pia 
centa was placed upside down in a funnel to drain the superficial fetal vessels 
thoroughly of blood Afterwards the placenta was blotted dry in an absorbent 
cotton pad to remove all adherent blood and clots This procedure was chosen to 
minimize the influence of the fetal and maternal blood in the determination of 
placental weight (GARROW and HAWES, 1971, MOLTENI et al, 1978) After this 
procedure, placental weight was determined Subsequently, the hole in the fetal 
membranes was closed with sutures and in the first three cases the placenta was 
suspended in a bath of 0 9%NaCl solution (HOLZAPFEL, 1898, VAN G E N T , 1968, 
Bouw, 1975) to determine the longitudinal position of the placenta in utero 
Comparable results were obtained by filling the closed amniotic sac by air, so this 
procedure was chosen in the remaining cases Four placentas could not be exam 
med in this manner In two cases the placenta was mistakenly destroyed directly 
after delivery In one case the membranes were severely damaged during 
manual removal, but its localization had been determined during intrauterine 
manipulation In the fourth case the membranes were damaged during caesa 
rean section 
Macroscopic examination of the placenta was performed according to the 
description of BLNIRSCHKF (1961) After removal of the membranes, placental 
volume was determined by water displacement technique in 0 9% NaCl solution 
Volume determination was performed within 24 hours after delivery If neces 
sary, the placenta was kept in a refrigerator at 4° C, resting on its fetal surface 
After volume determination the placenta was fixed in 4% formaldehyde solution 
during at least 24 hours 
Afterwards the placenta was cut in slices of 0 5 to 1 cm, in a right angle to the 
longitudinal axis All slices were investigated macroscopically All macroscopic 
abnormalities were described with respect to localization and size, and after 
wards photographs were taken Four aselective full thickness slices of 25 χ 15 
mm were taken and refixed for a few hours Afterwards these slices were dehy 
drated and embedded in paraffin Slices of 5 6 μτα thickness were made and the 
routine hematoxylin eosin staining was done Besides the four aselective slices, 
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slices were also made of all macroscopic abnormalities These slices were 
handled in the same way as the aselective slices 
All slides were studied microscopically Microscopic investigation was direc 
ted to the following 
- verification of the diagnosis of macroscopic lesions, 
- semiquantification of calcium deposits in the basal decidual layer, 
- semiquantification of fibrous tissue in the basal decidual layer, 
- semiquantification of calcium deposits within the placenta, 
- semiquantification of calcium deposits in the intervillous septa 
For semiquantification of lesions, three scoring data were used 
0 = none 
+ = slight 
+ + = marked 
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CHAPTER 3 
P L A C E N T A L G R O W T H 
3 1 I n t r o d u c t i o n 
The influence of placental growth on fetal wellbeing has been studied extensi 
vely in the past ADAIR and THELANDER (1925) investigated 392 placentas and 
described the relation between placental weight, surface area, volume and birth 
weight of the newborn, without considering macroscopic or histologic lesions of 
the placenta Placental volume was measured by simple water displacement 
Placental surface area was determined by tracing the periphery of the placenta 
on a sheet of paper, and afterwards the area obtained was measured by a plani 
meter ADAIR and THELANDER (1925) found a high correlation between neonatal 
weight and placental weight and volume, and a definite, yet lower correlation 
between neonatal weight and placental surface area It also was evident that 
fetal development does not depend solely on placental weight and size This study 
showed, without regard to underlying causes, a good relation between placental 
growth and fetal wellbeing 
KLOOSTERMAN and HUIDEKOPFR (1954) studied the influence of placental 
'infarction' on fetal condition and neonatal outcome In this study 2000 placen 
tas were investigated and the extent of placental infarction was compared to 
birth weight Kloosterman found a relation between the degree of placental 
infarction and neonatal outcome, without considering placental measurements 
When placental measurements were taken into account as well, Kloosterman 
found a still higher incidence of fetal distress and low birth weight in those cases 
where small placentas were associated with a high degree of placental infarc 
tion 
AHFRNE (1966) introduced an allometric formula to describe the relation 
between placental and fetal weight during pregnancy 
w = 2 1 W0 6 7 
where w is placental weight and W fetal weight He also suggested the relation 
between chorionic surface area and fetal weight 
YOUNOSZAI and HAWORTH (1969) examined 163 placentas 26 from normal 
preterm infants (28 36 wks), 85 from normal term infants (37 42 wks) and 52 
from term intrauterine growth retarded infants (37 42 wks) 
Essential in this study was the well standardized procedure for handling the 
placenta after delivery The results showed a significantly higher weight of nor 
mal term placentas than those in either of the two other groups The mean pia 
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cental surface area, measured as describedby ADAIR and THELANDER (1925), of 
intrauterine growth-retarded infants was significantly smaller than that of nor­
mal infants. The mean placental surface area in normal preterm infants was not 
significantly different. Cord diameter was significantly smaller in intra-uterine 
growth retarded infants as compared to the other two groups. 
ABRAMOVICH (1969) performed a study on placentas obtained by hysterotomy 
at different stages of early pregnancy. The menstrual data were accurately 
known in 40 out of the 47 described cases. Abramovich found a linear relation 
between placental weight, crown-rump length, fetal weight and menstrual age 
in pregnancies from 10-20 weeks of gestation. The same results were obtained 
by BOYD and HAMILTON (1975), who suggested a linear relationship between pla­
cental weight, placental diameter, fetal weight and crown-rump length. This 
linear relationship was supposed to persist throughout pregnancy. 
LECHTIG et αι. (1975) studied placental weights of a malnourished population 
and found significantly lower weights in this population compared to a normal 
population. He also stressed the point t h a t the feto-placental weight ratio in 
these cases was unchanged. 
NAEYE (1978b) investigated 45 cases of fetal or neonatal deaths in 53 518 
births. In these cases no other cause of infant deaths could be found than intra­
uterine placental growth retardation. MOLTENI et al. (1978) studied the relation 
of placental to infant weight in 2000 deliveries. These authors, in agreement 
withGARROW and HAWES (1971), stressed the importance of standardized hand­
ling of the placenta as has been described in section 2.7. Molteni and coworkers 
divided their subjects into 3 groups as described by BATTAGLIA and LUBCHENCO 
(1967): 
- Appropriate for Gestational Age (AGA (10th-90th percentile)). 
- Small for Gestational Age (SGA (< 10th percentile)). 
- Large for Gestational Age (LGA (> 90th percentile)). 
In their studied population as a whole, they found an increase of the mean pla­
cental weight with increasing gestational age. But when the subjects were se­
gregated as described, they found t h a t the AGA and the LGA placentas grow 
until birth, whereas the SGA placenta reaches its maximum weight at about 36 
weeks of gestation. At all gestational ages the LGA placentas were larger than 
AG A placentas of equivalent pregnancy duration, while the SGA placentas were 
smaller than the AGA ones. The limited value of the feto-placental weight ratio 
was also established in this study. 
In summary, although the authors of the previously reviewed studies do not 
agree on each and every point, the following conclusions are warranted: 
- Fetal weight and wellbeing are directly related to placental weight, volume 
and surface area. 
- Feto-placental weight ratio is of very limited clinical value. 
- The importance of standardized handling of the placenta. 
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LECHTIG et al. (1975) and NAEYE (1978b) corroborated their mutual findings 
that growth retarded placentas are related to fetal growth retardation and fetal 
demise. 
Several of the reviewed studies have limitations with regard to the compara-
bility of results. Determining factors in this respect are: 
- inaccuracy in determining gestational age; 
- no standardizing for factors which possibly influence the results, such as . 
- handling of the placenta; 
- sex of the newborn; 
- parity; 
- hypertensive disorders of pregnancy (section 2.3.2.) ; 
- smoking during pregnancy (section 2.3.3.). 
KLOOSTERMAN (1965/1970) concluded tha t no realistic placental growth curve 
could be constructed based on measurements obtained after delivery, because 
they only give a faint idea of real placental growth in utero. 
Ultrasonography, however, makes it possible to investigate placental growth 
throughout pregnancy in a prospective, well standardized study. 
As has been mentioned before, placental chorial surface area has been proved 
to be strongly related to placental and neonatal weight, particularly in cases of 
uterine growth retarded infants (YOUNOSZAI and HA WORTH, 1969). 
3 1.1. ULTRASONOGRAPHIC STUDY OF PLACENTAL GROWTH 
Ultrasonographic investigation of placental growth during pregnancy was first 
done by HOLLANDER and MAST (1968), who studied the increase in placental 
thickness during pregnancy. Their results proved to be of limited clinical import-
ance, for only in cases of severe Rh-hemolytic disease or diabetes could a signi-
ficant increase of placental thickness be demonstrated. The results of Hollander 
and Mast were sustained by SCHLENSKER (1971). HELLMAN et al. (1970b) devel-
oped a method for measuring placental volume by ultrasound. A mathematical 
model was designed to calculate placental volume from serial placental scans. 
In this study, only two patients were followed throughout pregnancy. 
The limitations of non-greyscale compoundscan techniques used in the stu-
dies of HOLLANDER and MAST (1968), SCHLENSKER (1971) and HELLMAN et al. 
'(1970b), have probably been the major reasons of the restricted practical use of 
their results. BLEKER et al. (1977) introduced a new method of determining pla-
cental volume by ultrasound. They used serial ultrasonographic sections of the 
placenta. The surface areas of these sections were calculated by an electronic 
technique (lightpen), the results being computed automatically. The calculated 
volumes proved to have a ra ther good correlation coefficient with the volumes 
found by water displacement directly after birth. This procedure was tested in 
12 pregnant women and resulted in placental growth-curves which showed 
decreased placental growth during the last weeks before delivery. Due to the 
limited number of patients and the lack of clinical data, no clinical relations with 
the growth curves could be demonstrated. 
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Fig. 14. Longitudinal scan at 9 weeks of gestation. The margin of the placenta 
(P) is hardly distinguishable in respect to the remaining decidual lining of the 
uterine wall (UW). F: fetus; AW: abdominal wall. 
HOOGLAND eia/. (1979) showed, in an ultrasonographic pilot study of placental 
development, the restricted accuracy of placental thickness measurement due 
to the following facts : 
- In most cases the basal decidual layer can be identified clearly by ultrasono-
graphy only in the second half of pregnancy. 
- Sometimes reverberation (fig. 7) causes confusing echoes. 
- It is not always possible to see the chorial plate ultrasonographically as a clear 
line, so thickness measurement is not reliable. 
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In our study we will preferably refer to ultrasonographically measured placental 
surface area, because of the limitations of measuring placental thickness by 
ultrasound (HOLLANDER and MAST, 1968; HOOGLAND et al, 1979) and the high 
correlations between placental surface area, placental volume, placental weight 
and fetal outcome, described in li terature (ADAIR and THELANDER, 1925; You 
NOSZAi and HAWORTH, 1969; BOYD and HAMILTON, 1975). 
3.2. Results 
3.2.1. GROWTH-CURVE 
The earliest reliable measurement of placental surface area can be done 
between the 9th and the 11th week of gestation. Before this period, placental 
boundaries are not easily distinguished from the decidual layer covering the ute-
rine wall (fig. 14). 
The smallest placental surface area measured in our material was 40 cm2 at 
71 days of gestation. From this moment onward, placental surface area increa-
ses rapidly in some cases (fig. 15), and slowly in others (fig. 16). 
As has been described by BLEKER et al. (1977), most placentas tend to show a 
decreasing growth rate during the last tr imester of pregnancy. The same ten-
dency of placental growth was found in our material. 
The earliest decrease in placental growth rate was found at about 170 days of 
gestation (fig. 16). Although the majority of placentas showed decreased growth 
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Fig. 15. Growth-curve of placental surface area (pat. no. 106); note rapid 
increase of placental surface area. 
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Fig. 16. Growth-curve of placental surface area (pat. no. 88) ; note slow increase 
of placental surface area and early decrease of growth rate. 





menstrual age (days) 
Fig. 17. Growth-curve of placental surface area (pat. no. 55) 
growth-rate throughout pregnancy. 
note continuous 
rate during the last tr imester of pregnancy, at least 8 (15%) placentas in our 
material showed the same growth rate throughout pregnancy (fig. 17). 
The greatest placental surface area measured by ultrasonography, was 911 
cm
2
 at 226 days of gestation. 
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A remarkable finding was the fact that placental surface area increased quite 
linearly from the 71st until the 170th day of gestation in all cases In order to 
compare placental growth and clinical data, some aspects of placental growth 
will be described and possible relationship observed with clinical data will be dis 
cussed 
3 2 2 PLACENTAL GROWTH IN THE FIRST PART OF PREGNANCY 
In order to investigate the clinical value of early placentometry, placental sur 
face area and placental 'volume box' (page 34) were calculated at the (arbitra 
nly chosen) 150th day of gestation The calculation was done in two different 
ways 
- Y^o - Placental surface area/volume box at a menstrual age of 150 days, ei 
ther measured on the 150th day of gestation, or obtained by a linear interpo 
lation of the last known measurement before the 150th day of gestation 
(range 108-149 days of gestation) and the first known measurement after the 
150th day of gestation (range 151 198 days of gestation), 
- Y iin - Placental surface area/volume box at a menstrual age of 150 days, 
based on the linear regression line of each individual placental growth-curve 
ι e of all measurements until the (arbitrarily chosen) 175th day of gestation 
The number of measurements used for the calculation of Y150, ranged from 
2 5 
For this study, 50 of the 54 (93%) placentas were investigated No measurements 
were yet available at 150 days of gestation of the other placentas The mean dif 
ference (Yiso-Yiso) between both calculations of placental surface area at 150 
days of gestation was 1 cm 2 (standard deviation of the difference 10 cm2) The 
mean difference (Y150 Y150) between both calculations of placental volume box 
at 150 days of gestation was 3 cm 1 (standard deviation of the difference 38 cm1) 
These calculations were based on those placentas (n — 37), from which at least 
3 measurements has been done up to day 175 The hypothesis that both ways of 
calculation (1 e the linear interpolation method and the linear regression meth 
od) give the same placental surface area, or the same placental volume box, 
cannot be rejected by Student's one sample test (p » 0 10) Thus is our popu 
lation, the linear interpolated value of placental surface area and placental 
volume box are presumed to give reliable information on placental growth 
during the first part of pregnancy The coefficient of variation of the placental 
surface area at 150 days of gestation is 0 19 (Ϋ150' andO 18 ( Y ^ Q ) , while the coef 
ficient of variation of the placental volume box at 150 days of gestation is 0 26 
for both methods These coefficients were calculated on the basis of the 50 inves 
tigated placentas 
Placental surface area at 150 days of gestation, determined by interpolation, 
is considered to be a reliable parameter for placental growth during the first half 
of pregnancy This quantity will be used as a rate of placental size 
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3 2 2 1 Placental surface area at a menstrual age of 150 days, related to the 
occurence of hypertensive disorders later in pregnancy 
The possible influence of placental size at a menstrual age of 150 days on the 
occurrence of hypertensive disorders later in pregnancy 'page 18· was inves 
tigated by comparing placental surface area at 150 days in the following groups 
(table III) 
I T h e ' o p t i m a l ' g r o u p , 
II The isolated hypertension group, 
III The pre-eclamptic group 
Table III Ultrasonographic placental surface area at a menstrual age of 150 days, rela 
ted to the occurence of hypertensive disorders of pregnancy I, the 'optimal' group, II, the 
























Only those placentas could be investigated of which at least one measurement 
before 150 days of gestation was available 
According to a one way analysis of variance, no systematic differences could 
be demonstrated between these groups (p > 0 10) In our material therefore 
measurements of placental surface area at 150 days has no predictive value with 
regard to the occurrence of a hypertensive disorder of pregnancy 
3 2 2 2 PlacentalsurfaceareaatamenstrualageoflSOdaysandsmokingdurmg 
pregnancy 
In order to investigate the possible influence of smoking during pregnancy on 
placental growth, placental surface area at 150 dayc of gestation was compared 
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for different groups (page 19). Only those placentas could be investigated of 
which at least one measurement before 150 days was available. A comparison 
was made between placental surface area at 150 days of gestation and the fol­
lowing groups (section 2.3.3 ) (table IV). 
- non-smoking; 
- mild smoking ( ζ 10 cigarettes/day) ; 
- heavy smoking ( > 10 cigarettes/day). 
Table IV Ultrasonographic placental surface area a t a menstrual age of 150 days, com­



























According to a one-way analysis of variance the hypothesis was tested that no 
systemic differences exist between the previously mentioned groups This over­
all hypothesis had to be rejected (p — 0.01). Mutual differences between the smo­
king groups were investigated by means of the simultaneous comparisons meth­
od of Scheffé. Apparently the results of the overall analysis of variance were 
mainly caused by the fact tha t heavy smoking ( > 10 cigarettes/day) was related 
to significantly (p = 0.01) smaller placentas at 150 days of gestation in compa-
rison to the non-smoking group. Significant differences were not found between 
non-smoking and mild-smoking ( ^ 10 cigarettes/ day), and between mild and 
heavy smoking (p > 0 10) An indication of a systematic difference (p = 0.06) in 
placental surface area at 150 days of pregnancy was found between the total 
smoking group and the non-smoking group, where the total smoking group was 
so composed tha t light smoking and heavy smoking contributed in an equivalent 
way. 
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3.2.2.3. Placental surface area at a menstrual age of 150 days and birth weight 
In order to investigate the possible predictive value of placental growth during 
the first part of pregnancy on fetal outcome, a comparison was made between 
placental surface area at 150 days of gestation and appropriate for gestational 
age (AGA. > 10th percentile and ^ 90th percentile of KLOOSTERMAN. 1977) and 
small for gestational age (SGA < 10th percentile of Kloosterman) birth weights 
(table V). 
Table V. Ultrasonographic placental surface area at a menstrual age of 150 days, com-
pared to the separate birth weight groups. SGA: small for gestational age; AGA: ade-






















For the sake of completeness, it should be noted that the surface areas of the 
two placentas of large for gestational age babies were 210 cm 2 and 296 cm2 at 
150 days of gestation. 
According to the Student test for two samples, mean placental surface area 
at 150 days of gestation was significantly (p = 0.001) smaller in small for gesta­
tional age birth weights compared to adequate for gestational age birth weights. 
So in our material, placental surface area at a menstrual age of 150 days was sig­
nificantly related to the weight of the newborn. In order to use these results for 
practical purposes we calculated a reference limit for placental surface area at 
150 days of gestation - determined by interpolation - for the population used in 
our study and under the investigation conditions described in chapter 2. 
Before a reference limit was calculated, the hypothesis that placental surface 
areas of women with adequate for gestational age babies are a sample from a 
Gaussian distribution was tested. 
The normality test of Shapiro and Wilk as well as the normality test of d'Agos­
tino showed that the hypothesis could not be rejected (p » 0.10). Besides, we 
found small values for the skewness and kurtosis 0.21 and - 0.49 respectively. 
On the basis of a Gaussian distribution we may expect with a confidence of 90% 
that at least 5% of the placental surface area values of women with adequate for 
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gestational age babies will be equal to or less than a calculated limit of 187 cm2 
Such a limit is also called a one side guaranteed tolerance limit and can be used 
as a warning limit So, if by a linear interpolation as has been described in section 
3 2 2 and under the standardized conditions described in chapter 2 , the calcu 
lated placental surface area at 150 days of gestation is equal to or less than 187 
cm^, one must consider the patient to be at increased risk for delivery of a small 
for gestational age baby In fact, 3 of 38 (8%) women under study, who had ade 
quate for gestational age babies, had at 150 days of gestation a placental surface 
area of at most 187 cm2 Six of 10 (60%) women with small for gestational age 
babies, had at 150 days of gestation a calculated placental surface area of at most 
187 cm2 Hence, 6 out of 9 (67%) women with a placental surface area at 150 days 
of gestation equal to or less than the warning limit of 187 cm2 delivered a small 
for gestational age baby 
However, we expect that the real percentage in a larger population will be less 
than 67% If the birth weight distribution tables are appropriate for the popula 
tion under study the ratio of low birth weights to normal birth weights in a large 
population will be 1 8 A higher ratio of low to normal birth weight infants 
(10 38) was observed in the study group Applying observed incident figures for 
the occurrence of placentas below the calculated warning limit (60%for SG A and 
8% for AG A) to a larger, unselected population, one can estimate that approxi 
mately half of pregnancies where the placental surface area by our method is ^ 
187 cm^ at 150 days will end in the delivery of an SGA infant 
3 2 3 ULTRASONOGRAPHIC MEASUREMENTS AT TERM 
As has been described in section 3 2 1 , placental growth decreases during the 
last trimester of pregnancy in most cases Some placentas keep the same growth 
rate throughout pregnancy In our material no relation could be found between 
the shape of each individual placental growth curve and clinical data (hyperten 
sive disorders of pregnancy, smoking, birth weight) In order to investigate a 
possible relationship between final placental size and clinical features, the ultra 
sonographic placental surface area and placental volume box were calculated at 
the last ultrasonographic examination before delivery and compared to clinical 
data (hypertensive disorders of pregnancy, smoking, birth weight) and to pia 
cental measurements after delivery 
Only those pregnancies were investigated, in which total duration of preg 
nancy was > 260 days, and in which the last ultrasonographic measurement was 
performed less than 8 days before delivery These requirements were fulfilled in 
48 of our patients The ultrasonographic measurements were adequate for study 
in 44 of these 48 patients 
After delivery two term placentas were mistakenly destroyed (page 36), so 
46 of the 48 term placentas were measured after delivery 
The ultrasonographically calculated placental surface area and placental 
volume box at the last ultrasonographic investigation before delivery were com 
pared to the mean placental surface area and the mean placental volume box of 
48 
the last two ultrasonographic examinations, if the last but one investigation was 
less than 15 days before delivery No important decrease of dispersion was ob 
tamed by using these mean values (table VI) Therefore only the last ultrasono 
graphic measurements before delivery will be discussed 
Table VI Comparison between last ultrasonographic measurement before delivery and 
the mean of last two ultrasonographic measurements before delivery 
P l a c e n t a l 
s u r f a c e 
a r e a 
P l a c e n t a l 
VOlune 
box 
















































3 2 3 1 Placental surface area at term and hypertensive disorders of pregnancy 
As has been described m section 3 2 2 1 , placental surface area in early preg 
nancy was not related to the occurrence of hypertensive disorders of pregnancy 
The possible relation between placental surface area and the occurrence of 
hypertensive disorders of pregnancy was also investigated at term A compari 
son (table VII) was made of placental surface area at the last ultrasonographic 
investigation before delivery and the three groups described in section 3 2 2 1 
According to a one way analysis of variance no systematic differences could be 
demonstrated between the described groups in regard to placental surface area 
(p > 0 10) 
3 2 3 2 Placental volume box at term and hypertensive disorders of pregnancy 
Under the same conditions as described previously, the placental volume box 
was measured and compared for the groups listed in section 3 2 2 1 (table VIII) 
According to a one way analysis of variance, the three mean values for the pia 
cental volume box are not equal to each other (p = 0 04) Further investigation 
of differences between the three groups by means of the Scheffe method showed 
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Table VII Ultrasonographic placental surface area at term compared to the occurrence 
of hypertensive disorders of pregnancy I, the 'optimal' group ,11, the isolated hyperten 


























Table VIII Ultrasonographic placental volume box a t term, compared to the occurrence 
of hypertensive disorders of pregnancy I, t h e 'optimal' group ,11, the isolated hyperten 


























that this overall result for the greater part was due to the difference between the 
'optimal' and the pre eclamptic group (p — 0 04) 
3 2 3 3 Placental surface area at term and smoking during pregnancy 
Cigarette smoking was significantly related to small placentas during early 
pregnancy (section 3 2 2 2 ) The relation between cigarette smoking and pia 
cental subsequent development was also investigated at term, by comparing the 
three previously described groups (page 46) and placental surface area at the 
last ultrasonographic investigation before delivery Only those placentas were 
investigated for which clinical data concerning smoking of the mother were 
available, and the criteria listed in section 3 2 3 concerning last ultrasonogra 
phic measurements had to be fulfilled By means of a one way analysis of 
variance, the hypothesis was tested, that for the three groups the mean placen 
tal surface area at the last ultrasonographic investigation before delivery are 
equal to each other Based on our measurements, this hypothesis could not be 
rejected (p — 0 11 ) So although both smoking groups had smaller mean placen 
tal surface areas, relative to the non-smoking group, the differences were not 
statistically significant at term (table IX) 



























3 2 3 4 Placental volume box at term and smoking during pregnancy 
Under the same conditions as described in the previous section, the placental 
volume box was measured and compared for the three 'smoking' groups pre 
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viously described According to a one-way analysis of variance there was an indi­
cation that the three mean values for placental volume box are not equal to each 
other (p = 0 08) (table X). 
Further investigation of differences between 'smoking' groups by means of the 
Scheffé method, showed tha t this overall result was due for the greater part to 
the difference between non-smokers and heavy-smokers ( > 10 cigarettes/day) 
(p = 0 09) 
In addition, according to the Scheffé method, we found an almost significant 
difference (p = 0 10) between the non-smoking group and the combined smo-
king group, to which the mild smoking group and the heavy smoking group con 
tribute in an equivalent way 
3 2 3 5 Ultrasonographic measurements at term, related to placental and fetal 
outcome 
3 2 3 5 1 Placental surface area before and after delivery 
In order to investigate the relation between placental surface area measured 
ultrasonographically and placental surface area measured after delivery, the 
correlation between the last placental surface area measurements before deli-
very (mean, 414 cm2 (s e m , 9 cm2)) and the measurements directly after deli-
very (mean, 357 cm2 (s e m , 9 cm2)) has been determined Only those placentas 
were studied which met the requirements listed in section 3 2 3. 
Handling of the placenta has been described in section 2 7 
The Pearson correlation coefficient was 0 72 (table XI) The hypothesis that 
in the population studied the ultrasonographic measurements neither increase 
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Table XI. Pearson correlation coefficients of ultrasonographic placental surface area 
and volume box at term, with respect to placental and neonatal measurements after de-
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(p < 0.001) 
0.49 
(p < 0.001) 
nor decrease with the measurements after delivery, was thus rejected (p 
< 0.001). Ultrasonographic measurements of placental surface area in late 
pregnancy are therefore highly correlated with placental surface area measured 
after delivery (fig 18). 
ullrasonogratic pldcent.il surlace area (cm^) 
correlation 0 72 
U value 0 00001 
slope 0 79 
mlersept value 137 
200 300 400 
2 placenlal surface area alter dehverytcm ) 
Fig. 18. Correlation between ultrasonographic placental surface area at term 
and placental surface area after delivery. 
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3 2 3 5 2 Placental surface area before delivery, related to placental volume after 
delivery 
Under the same conditions as described in section 3 2 3 5 1 , placental surface 
area measured at the last ultrasonographic investigation before delivery was 
compared to placental volume after delivery The Pearson correlation coeffi 
cient for these 2 parameters was 0 74 (table XI) The hypothesis that in the study 
population no systematic correlation existed between ultrasonographically 
measured placental surface area and placental volume measurement after deli 
very, was therefore rejected (p < 0 001) 
The ultrasonographic measurement of the placental surface area is thus 
highly correlated to placental volume after delivery 
3 2 3 5 3 Placental surface area before delivery, related tot placental weight 
Under the same conditions as described in section 3 2 3 5 1 , placental surface 
area measured at the last ultrasonographic examination before delivery was 
compared to placental weight The Pearson correlation coefficient between 
these measurements was 0 68 (table XI) 
The hypothesis that in the study population no systematic correlation existed 
between ultrasonographically measured placental surface area and placental 
weight, was thus rejected (p < 0 001) The ultrasonographic measurement of 
the placental surface area is highly correlated with placental weight 
3 2 3 5 4 Placental surface area before delivery, related to birth weight 
Under the same conditions as has been described in section 3 2 3 5 1 , placental 
surface area measured at the last ultrasonographic examination before delivery 
was compared to birth weight The Pearson correlation coefficient between 
these measurements was 0 62 (table XI) 
Figure 19 shows that the points are problably not a sample from a binormal dis 
tnbution, so the Pearson correlation coefficient does not apply completely 
However, if the one extremely low birth weight infant is omitted from the ana 
lysis the correlation coefficient decreases only slightly The hypothesis that, in 
the population studied, no systematic correlation exists between ultrasono 
graphically measured placental surface area and birth weight was rejected 
(p < 0 001) Ultrasonographically measured placental surface areas at term are 
highly correlated with birth weight of the newborns 
3 2 3 5 5 Placental volume box before delivery, related to placental and fetal 
outcome 
Similar correlations to those given with respect to placental surface area were 
also calculated with respect to the placental volume box (table XI) The placental 
volume box was significantly correlated with all measurements described in the 
previous sections 
Considering the correlation coefficients, the placental volume box was not 
found to be a more reliable parameter for predicting placental and/or fetal out 
come than the ultrasonographically measured placental surface area (table XI) 
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ultnsonogralic placental suri jee area tcm^) 
correlation 0 62 
ρ value 0 00001 
slope О OB 
mtercepl value 159 
Fig 19 Correlation between ultrasonographic placental surface area at term 
and birth weight 
3 3 Conclus ions 
Placental surface area was assumed to be a reliable parameter for estimating 
placental growth throughout pregnancy It seems reasonable to divide placental 
growth curve into two par t s , the linear part (70-170 days of pregnancy) and the 
scattered part ( 170 days of pregnancy until delivery) During the linear part of 
the growth curve, all placentas in our study grew linearly During the scattered 
part, placental growth could persist at the growth rate of early pregnancy, could 
decrease, or could cease In our material, a significant prognostic value was 
found for the calculated placental surface area at 150 days of gestation, deter­
mined by interpolation between two measurements, with regard to fetal out 
come 
A 'warning limit' was calculated for placental surface area at 150 days of 
gestation ( 187 cm ) If placental surface area at 150 days of gestation was equal 
to or below this limit, the patient was at high risk for delivering a small for dates 
baby In our series, 6 out of 9 (67%) patients with placental surface area equal 
to or below this limit at 150 days of gestation delivered a small for dates baby 
( < 10th percentile of Kloosterman) However, this percentage seemed to be 
higher than for the population as a whole may be expected 
Smoking during pregnancy proved to have an influence on placental surface 
area at 150 days of gestation If a patient smoked during early pregnancy, pla­
cental surface area was almost significantly reduced compared to non-smoking 
subjects If a subject smoked more than 10 cigarettes per day, we found a clearly 
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significant difference compared to non smoking gravidas So the negative 
influence of smoking during pregnancy with respect to placental growth is pro 
bably quantitative, and is already manifest during the first half of pregnancy 
We also found indications that smoking gives rise to smaller placental size at the 
last ultrasonographic investigation before delivery 
No relation was found between placental surface area at 150 days of gestation 
and the occurrence of hypertensive disorders later in pregnancy The placental 
volume box at the last ultrasonographic examination before delivery was sigm 
ficantly larger in pre eclamptic patients compared to patients without hyperten 
sive disorders of pregnancy No statistically significant relation was found 
between placental surface area at the last measurement before delivery and the 
occurrence of hypertensive disorders of pregnancy 
In agreement with HELLMAN et al (1970b), and BLEKER etal (1977), we found 
a high correlation between ultrasonographically measured placental surface 
area and volume compared to the measurements of placental surface area, 
volume and weight after delivery and also to neonatal birth weight Notwith 
standing the high correlations, a considerable spread of results was found This 
spread with regard to placental surface area and volume is problably due to at 
least 4 influencing factors 
- at tern», the chonal layer is not always clearly distinguished due to fetal parts 
lying against it, 
- with regard to the comparison with birth weight, one has to consider that pia 
cental surface area and placental volume are only two parameters of placental 
function, and there is general agreement that a placenta is able to develop con 
siderable compensatory growth at microscopic level, 
- differences in growth rate between uterus and placenta could cause different 
rates of passive stretching of the placenta which could influence the compar 
ison between ante and postnatal measurements , 
- with regard to placental volume measurement by ultrasound, the inability to 
get reliable placental thickness measurements causes a wide spread in the 
results obtained 
The results obtained by BLEKER etal (1977), using another technique for calcu 
lating placental volume, give only a slight increase in correlation compared to 
our measurements But as has been stated before, accurate measurement of pia 
cental volume at term is of restricted clinical value 
56 
CHAPTER 4 
P L A C E N T A L L O C A L I Z A T I O N 
4 1 I n t r o d u c t i o n 
In this chapter the possible influence of placental location on the course and out-
come of pregnancy, and the phenomenon of 'dynamic placentation' will be dis 
cussed 
The reliability of ultrasonographic placental localization has been tested in 
many different ways GOTTESFELD et al (1966) related the ultrasonographic pia 
cental localization in 112 cases with clinical findings 
- placental localization during manual removal, 
- placental visualization during caesarean section, 
- findings at amniocentesis, 
- the follow-up at delivery 
In their study Go ITESFELD et al (1966) found a reliability of approximately 97% 
Though his methods may be criticized, Gottesfeld showed that ultrasound could 
be of clinical value for placental localization during pregnancy DONAI D and 
ABDULLA (1968) described ultrasonographic placental localization in 613 cases 
In 202 cases, the ultrasonographic localization could be correlated with the clin-
ical findings as described by GOITESFELD et al (1966) Omitting confirmation by 
repeated amniocentesis from consideration, Donald and Abdulla found confir 
mation of the ultrasonographic results in 142 of the remaining 151 cases, so a 
reliability of 94% was obtained In their study, Donald and Abdulla compared in 
80 cases ultrasonographic results with the results of X-ray soft tissue placente 
graphy In this series, an ultrasonographic error rate of 2 5% was found, while an 
incorrect X-ray localization was obtained in 17 5%of the cases Donald concluded 
that ultrasonography was a more reliable and safer method of placentography 
than X-ray soft tissue diagnostics 
The reliability of ultrasonographic placentography was corroborated by many 
authors in the following years (CAMPBELL and KOHORN, 1968, ABRAMOWSKI and 
KOPECKY, 1969, KOBAYASHI et al, 1970, ROBINSON and GARRETT, 1970) Since 
grey scale ultrasonography was introduced by DONALD (1976a), the reliability of 
ultrasound placentography has improved further, so in experienced hands a cor-
rect placental localization can be obtained in almost 100% of the cases 
Many authors have studied the distribution of placental location by ultrasono-
graphy and many other techniques as well VAN GENT (1968) gives a survey of 
techniques used and their results HOLZAPFEL (1898) did one of the most reliable 
non-ultrasonographic studies, by stitching the fetal membranes after delivery 
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and suspending placenta and membranes in a water bath In this way, an accu 
rate method of determining placental location was introduced Holzapfel found 
an equal distribution between anterior and posterior placental locations He also 
reported that most placentas tended to a more lateral than medial location 
SCHLENSKER (1971) studied 553 pregnant women by ultrasound with regard to 
distribution of placental site He described placental localization in utero in a 
well standardized way and found a nearly equal distribution between anteriorly 
and posteriorly located placentas anteriorly in 290 out of 533 (52%), and post 
eriorly in 263 out of 553 (48%) (table XII) FHlbD (1978) reviewed 762 cases of 
Table XII Ultrasonographic placental localization according to six authors 
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ultrasonographic placentography He categorized placentographies by the loca 
tion of the main bulk of placental tissue He stressed the fact that good locali­
zation definitions should be given In his series, no significant difference was 
found between anterior and posterior locations of the placenta (table XII) No 
valid statistical relationship between placental site and fetal position could be 
demonstrated 
KING (1973) described the alteration of placental location during pregnancy 
He found that the placenta could migrate within the uterus away from the inter 
nal os of the cervix during pregnancy He introduced the thesis of a 'dynamic' 
relationship between the placenta and the uterine wall MFYENBURG (1976) and 
WINTER (1978) also demonstrated changing placental location in cases of low or 
previa implantation of the placenta The same results were achieved by KuRJ AK 
and BARSIC (1977) and WEXLER and GOTTESFELD (1977) YOUNG (1978) studied 
placental migration by X-ray placentography In 53 out of 78 (68%) cases of ini­
tial placenta previa, the placenta moved upward away from the internal os of the 
cervix, 18 out of 78 ( 23%) showed no appreciable movement Of the other 7 cases 
no data were published The explanation of this 'dynamic placentation' was 
mainly based on the following considerations 
- Different growth rate of the uterus itself In the first seven months of preg 
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nancy, the muscular upper part of the uterus grows faster than the isthmic 
part. 
- Different growth rate of the uterus as compared to the placenta; at 16 weeks 
of gestation, the placenta covers approximately one-half of the inner surface 
of the uterus, while at term it covers one-fourth to one-third of the inner sur-
face of the uterus. 
- The formation of the lower uterine segment, which begins to develop in the last 
part of the third trimester of pregnancy 
- 'Dynamic' reorientation of the placenta on the uterine wall due to the ability 
of placental cells to multiply in one area and to atrophy in another (YOUNG 
1978). 
- Obliteration and dislodgment of anchoring villi, with at the same time re-
establishment of new anchoring villi from previously free arborescent villi 
(KING 1973). 
The influence of placental location on the course and outcome of pregnancy was 
investigated by BlENIARZ ( 1958), who studied the possible influence of placental 
location on the occurrence rate of toxemia, pre-eclampsia and eclampsia. In 
25,000 births there were 95 cases of placenta previa, 125 cases of late pregnancy 
toxemia, 57 cases of severe preeclampsia and 68 cases of eclampsia. Diastolic 
blood pressure in the previa group was significantly lower than in the severe 
toxemia group. No eclampsia was found in the previa group. Bieniarz explained 
his finding by suggesting different hemodynamic conditions in high and low pla-
cental locations, and in this regard stressed the possible influence of the diffe-
rence in venous drainage from high and low located placentas The results 
described by Bieniarz were sustained by BOOTH et al. (1962). FRIEDMAN and 
LlT'I LE (1958) presented a study of the possible relation between placental loca-
tion and toxemia of pregnancy. They found neither a positive nor negative inter-
relation between toxemia and placenta previa, using the chi-square test of inde-
pendence. By the same statistical procedure they re-evaluated the material 
described by Bieniarz, and found no statistical significance in the results pre-
viously published by Bieniarz. 
LITTLE en FRIEDMAN (1964) investigated more than 10,000 cases retrospect-
ively, in a well standardized procedure, with regard to possible interrelation of 
placental implantation site with clinical data. In their material, no significant 
relation of placental site was found with length of labor, incidence of toxemia, 
type of delivery, or neonatal outcome. 
4 . 1 . 1 . CONCLUSIONS 
In experienced hands ultrasonographic placentography gives reliable informa-
tion about placental location in utero related to the abdominal wall. Most authors 
who have investigated the distribution of placental site could not find any pre-
ferential localization and no relation between placental location and the position 
of the fetus in utero In the literature, no consensus of opinion has been achieved 
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about the explanation of the changing position of the placenta during preg-
nancy. The possible influence of placental location on the course and outcome of 
pregnancy also remains a controversial topic. 
A major disadvantage of the li terature reviewed concerning placental location 
and its possible clinical consequences is the lack of prospective studies. 
As has been mentioned before, the aim of this chapter is to discuss the pre-
viously mentioned controversies in literature in relation to the ultrasonographic 
and clinical data obtained in our study. 
4.2 Definitions of placental location 
Before discussing definitions of placental location, it is essential to stress the fact 
that ultrasonographic placentography only gives a reliable image of the placenta 
related to landmarks on the maternal abdominal wall. The only uterine land-
mark which can be visualized is the internal os of the uterine cervix. So the inves-
tigator has no idea if and, eventually, how much this image is disturbed by pos-
sible rotation of the uterus. It is obvious that reliable landmarks should be used 
in defining placental location. During early pregnancy, the internal os of the ute-
rine cervix is a fixed anatomical landmark which can be detected easily by ultra-
sonography. Until the 20th week of gestation, the internal os of the cervix was 
used as a uterine landmark for description of placental location. 
Placental location until the 20th week of gestation was defined as listed in 
table XIII. 
Table XIII Placental location criteria until 20 weeks of gestation 
1/2 of p l a œ n t a l length on the an te r io r wall of the l i tems,and 
1/2 of p l a œ n t a l length on the pos te r io r wall of the u te rus . 
2/3 of p l a œ n t a l length above 1/2 oervix-fundus d is tance , 
1/3 of p l a œ n t a l length on the pos te r io r wall of the u te rus . 
2/3 of p lacen ta l length above/below 1/2 œrvix-fundus d is tance . 
2/3 of p lacenta l length below 1/2 cervix-fundus d is tance , 
1/3 of p lacenta l length on the pos te r io r wall of the u te rus . 
1/2 of p lacen ta l length on the an te r io r wall of the uterus,and 
1/2 of p lacen ta l length on the pos te r io r wall of the u te rus . 
1/2 of p lacen ta l width on the an te r io r wall of the uterus,and 
1/2 of p l a œ n t a l width on the pos te r io r wall of the u te rus . 
2/3 of p lacenta l width l a t e r a l of the midsag i t t a l l i n e , 
1/3 of p lacen ta l width on the pos te r io r wall of the u te rus . 
2/3 of p lacenta l width l a t e r a l of the midsagi t ta l l i n e . 
After the 20th week of gestation, the internal os can no longer be considered 
a fixed anatomical landmark, since during the last half of pregnancy the lower 
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external os of the uterine cervix Due to this change, there is no valid reason to 
use the mtern-al os as reference landmark Moreover in a pilot study, we found 
that visualization of the internal os was often very difficult and sometimes 
impossible when the fetal head was engaged So after the 20th week of gestation, 
the upper rim of the symphysis was used as the lower landmark for describing 
placental location, instead of the internal os of the cervix Placental location 
after the 20th week of gestation was defined as listed in table XIV 
Table XIV Placental location criteria from the 20th week of gestation onward 
1/2 of Dlacental length on the anter ior wall of Ihe uterus,and 
1/2 of olacental length on the pos ter ior wi l l of the uterus 
2/3 of p i acen t i ! lenqth above 1/2 symphysis fundus dis tance, 
1/3 of n l a œ n t i l length on the pos te r ior wall of the uterus 
2/3 of p lacent i l length above/bo lew 1/2 svmphysis- fundus distance 
2/3 of nlaoent-jl length bclcw 1/2 symphysis-fundus distance 
1/3 of placental len ith on the pos ter ior wall of Ihe uterus 
1/2 of placental length on the anter ior wall of the uterus,and 
1/2 of placental lei gth on the x j s t eno r ла і і of the utenis 
1/2 of p l a c e n t i l width on the anter ior wall of the uterub,and 
1/2 of placent il width on the po t e n o r wall of tJic uterus 
> 2/3 of placental width l a t e r a l of the m i d s i g i t t a l l ine , 
< 1/3 of p lacental width on the j o s t e n o r wall of the uterus 
< 2/3 of placer ta l «iidüi l a t e r a l of the midsagiLtal l ine 
Placental locations before and directly after the 20th week of gestation were 
compared and no systemic change of placental site due to the changed landmark 
could be found 
4 3 Distribution of placental location 
During each ultrasonographic investigation, placental location was determined 
based on the criteria listed in tables XIII and XIV In our material no true lateral 
true fundal or true previa locations occurred Of the 109 patients in our study, 
56 (51%) had an anterior and 53 (49%) had a posterior placental location (table 
XV) Fifty four on the 56 anteriorly located placentas were used in this study 
(page 17) 
In order to investigate possible changes in location of the placenta during preg 
nancy placental location at the first ultrasonographic investigation was compa 
red to placental location at the last investigation before delivery Table XVI 
shows a clear tendency of placental site to 'move' upward during the course of 
pregnancy In early pregnancy, 3 out of 54 (5 6%) placentas had a high location 
48 of 54 (88 8%) had a middle location and 3 out of 54 (5 6%) had a low location 
Before delivery, 18 out 54 (33 3%) placentas had a high location, 35 out of 54 
(64 8%) had a middle location and only 1 out of 54 (1 9%) had a low location 
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Table XV Distribution of placental location at the last ultrasonographic examination 
before delivery 
Anterior 
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Table XVII gives the comparison of the changing placental location in the 
transverse plane during pregnancy. In early pregnancy, 10 out of 54 (18.5%) pla­
centas had a right lateral location, 40 out of 54 (74.1%) h a d a middle location and 
4 out 54 (7.4%) had a left lateral location. Before delivery, 31 out of 54 (57.4°/») 
placentas had a right lateral location, 12 out of 54 (22.2%) had a middle location 
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and 11 out of 54 (20 4%) had a left lateral location By the sign test, a significant 
preference of placental 'movement' (p < 0 05) to the right lateral placental loca­
tion was found One placenta showed a very variable location in the transverse 
plane during the study, this was probably due to uterine rotation 
In case of a posteriorly located placenta (n = 53), placental location was 
checked between the 33rd and 35th week of gestation 
Considering the changing placental location during pregnancy, it is quite 
obvious that no initially anteriorly located placenta shifted to the posterior wall 
and vice versa 
Table XVIII, gives the change of placental location during pregnancy, as well 
vertically as transversely Thirty-six of 54 (66 7%) placentas kept the same ver­
tical location throughout pregnancy, 17 out of 54 (31 4%) placentas 'moved' 






































upward, and one placenta 'moved' from high to middle location Placental site 
thus exhibited a clear tendency to 'move' upward during the course of preg­
nancy 
Twenty out of 54 (37%) placentas kept the same transverse location through­
out pregnancy, 22 out of 54 (40 7%) placentas 'moved' to the right lateral side, 
9 out of 54 (16 7%) placentas 'moved'to the left lateral side and 3 out of 54 (5 6%) 
'moved' from lateral to medial Thus placental site also tended to 'move' to the 
right lateral side during the course of pregnancy 
Comparing both directions of possible placental 'movement', transverse 
'movement' of the placenta is at least as pronounced as vertical 'movement' 
In order to investigate possible preferential placental locations more closely, 
the combined transverse and vertical locations at the last investigation before 
delivery are listed in table XIX 
Table XIX Subdivision ofantenorly located placentas at the last ultrasonographic exa 

























































Table XIX shows a clear preferential placental location in the right middle 
position, 23 out of 54 (42 6%) The hypothesis that the six placental locations, lis 
ted in table XIX (omitting the low location from consideration), occurred with 
the same frequency must be rejected according to a /^-goodness of fit test 
(p < 0 001) Also considering the locations mentioned above, the hypothesis that 
the middle right location occurred with the probability of 1/6 must be rejected 
according to a binomial test (p < 0 001) 
So in our population a significant preference was found for the middle right 
placental location 
4 3 1 CONCLUSIONS 
Based on the definitions described on page 60/61, a clear change of placental 
location, vertically as well as transversely, was found in our population 
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Only one placenta 'moved' from high to middle location, which might be due 
to a changed position of the whole uterus In our material we could not demon-
strate one placenta which 'moved' to a part of the uterine wall where no placental 
tissue was present during early pregnancy Considering placental location dis 
tribution more closely, a significant preference for the middle-right location was 
found and only once was a low location found at the last investigation before 
delivery 
In our view, changing of placental site is fully explainable by the following con-
siderations 
- Different growth of the uterus (section 4 1 ) 
- Difference of growth rate of the uterus compared to the growth of the placenta 
(section 4 1 ) 
- Different vascular conditions in various parts of the uterine wall, as have been 
described by BIENIARZ (1958) and BURCHELL et al, (1978) 
- The formation of the lower uterine segment during the last part of the third 
trimester 
- Changing position of the uterus with regard to abdominal wall due to rotation 
around the longitudinal axis of the uterus or changed flexion of the uterus with 
regard to the cervix 
Should rotation of the uterus be the only determining factor for the preferential 
middle-right position of the placenta, one should expect some primarily anterior 
right-side located placentas to 'move' to the posterior wall and some posterior 
left-side placentas to 'move' to the anterior wall These changes of placental posi-
tion were not recorded in our material 
As for the possible vascular influence on preferential placental site, one has 
to consider the difference between the left and the right upper part of the uterus 
with regard to venous drainage The left ovarian vein drains into the left renal 
vein, while the right ovarian vein drams directly into the inferior vena cava This 
anatomic difference might have influence on the blood flow through the upper 
part of the uterus As has been described by BURCHELL et al (1978), differences 
in arterial vascularization also exist, which influence fetal outcome The midline 
of the uterus is generally less well vascularized than the lateral parts Consid 
ering these facts, the hemodynamic conditions in the lateral parts of the uterus 
are probably superior to the conditions in the medial parts, and because of dif 
ferences in venous drainage and possible differences in arterial supply, the 
hemodynamic conditions on one side of the uterus might be superior to those on 
the other side 
Assuming tha t implantation and subsequent placental development is favou 
red on the uterine side with optimal hemodynamic conditions, the placenta will 
develop and remain in this area while the difference of growth rate between pia 
centa and uterus might cause the image of the 'moving' placenta The significant 
preference for the right middle position might be due to generally optimal hemo 
dynamic circumstances in that part of the uterine wall In our view there is no 
valid evidence to corroborate the supposition of 'dynamic placentation' descri 
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bed by KING (1973) and YOUNG (1978) Our data can be fully explained on the 
facts and the supposition mentioned above Also asymmetrical cord insertion 
could be explained by the theory of differences in hemodynamic conditions in the 
uterine wall, if the implantation site of the ovum does not coincide with the part 
of the uterus having optimal vascularization, an asymmetrical development of 
the placenta will be the result In this respect it would be of interest to study the 
relation between cord insertion and changing placental location during preg 
nancy In our material, a lateral cord insertion occurred m only 9 cases In 4 out 
of 9 (44%), the asymmetric cord insertion was related to the direction of placen 
tal 'movement' in 3 out of 9 (33%) no placental movement was recorded ultra 
sonographically, in 2 out of 9 (22%) cases, cord insertion was contralateral to the 
side expected from placental 'movement' Based on this restricted number of 
cases, the hypothesis that cord insertion is not related to placental 'movement' 
during pregnancy can not be rejected Investigation of a greater number of 
patients is necessary 
4 4 Placental site and cl inical data 
4 4 1 ANTERIOR VERbUS POSTERIOR LOCATION 
4 4 11 Hypertensive disorders of pregnancy m anterior and posterior placentas 
In order to investigate the possible influence of placental location on the occur 
rence of hypertensive disorders of pregnancy, a comparison was made based on 
the criteria listed in section 2 3 2 , between the patients of the isolated hyperten 
Sion group (II), and the pre eclamptic group (III), with regard to anteriorly and 
Table XX Placental location and the occurrence of hypertensive disorders of pregnancy 
II the isolated hypertension group, III the pre eclamptic group 
I I 
I I I 
Ultrasonocprnnhic p l a c e n t a l l o n t i o n 
A n t e r i o r P o s t e r i o r 
14 9 
8 14 
posteriorly located placentas (table XX) The hypothesis was tested, t h a t the 
occurrence of anterior and posterior placentas was similar in these two patient 
groups This hypothesis could not bo rejected ι / ' = 1 81 ρ = 0 18) Soinourpopu 
lation, the occurrence of hypertensive disorders of pregnancy was not related to 
anteriorly or posteriorly located placentas 
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4 4.1 2 Birth weight in anterior and posterior placentas 
In order to investigate the possible influence of placental location on birth 
weight, a comparison was made between birth weights of infants with anteriorly 
and posteriorly located placentas (table XXI) In both groups, birth weight did 
Table XXI Placental location and birth weight 

























not seem to have a normal distribution. This was due to the occurrence of some 
extremely low birth weights in both groups. The comparison between infant 
birth weights in the anterior wall group and infant birth weights in the posterior 
wall group does not give a significant difference (p > 0.10, Wilcoxon test for 2 
samples). The comparison was made with and without the most extreme birth 
weights and the results were similar. So in our material, no influence of anterior 
or posterior location of the placenta was found on infant birth weight. 
4 4 . 2 . ANTERIOR SUB LOCALIZATIONS 
4 4 2 1 Subdivision of anteriorly located placentas, with respect to hypertensive 
disorders of pregnancy and birth weight 
In order to investigate the possible influence of placental location on fetal out-
come and/or the incidence of hypertensive disorders of pregnancy, all possible 
anterior placental locations (section 4.3.) were compared in the two groups of 
hypertensive disorders of pregnancy (section 2.3.2.) and also with birth weight. 
With respect to the vertical localizations, only high and middle localizations were 
compared (table XXII) because a low placental location occurred only once in our 
population. The patient with the low placenta developed isolated hypertension 
during pregnancy, and delivered a small for dates baby ( < 10th percentile of 
Kloosterman). In our population, 6 out of 18 (33%) patients with high placental 
location developed isolated hypertension during pregnancy and 2 out of 18 (11%) 
patients with high placentas developed pre-eclampsia. Patients with high pla-
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Table XXII Vertical subdivision of anteriorly located placentas, with regard to the 
occurrence of hypertensive disorders of pregnancy and birth weight II the isolated 




































cental location delivered a small for dates baby in 3 out of 18 (17%) cases Incases 
of vertically middle placental location, 7 out of 35 (20%) patients developed iso­
lated hypertension during pregnancy and 6 out of 35 (17%) patients developed 
pre eclampsia Pat ients with vertically middle placental location delivered a 
small for dates baby in 6 out of 35 (17%) cases No statistically significant dif­
ferences could be demonstrated between high or middle placental locations with 
respect to the occurrence of hypertensive disorders of pregnancy and also no 
relation was found between placental location and fetal outcome The fact that 
no statistically significant differences were found could be due to the limited 
number of patients 
With respect to transverse placental locations, right, middle and left locations 
were compared (table XXIII) In our population, 9 out of 31 (29%) patients with 
right side-located placentas developed isolated hypertension and 4 out of 31 
(13%) patients developed pre eclampsia Seven of 31 (23%) patients with right 
sided placentas delivered a small for dates child ( < 10th percentile of Klooster 
man) If the placenta was located transversely in the middle of the uterus, 2 of 
12 (17%) patients developed isolated hypertension, and 3 out of 12 (25%) devel 
oped pre eclampsia A remarkable finding was that in the transverse middle 
group, no small for dates infants were born If the placenta was located t rans 
versely on the left side of the uterus, 3 out of 11 (27%) patients developed isolated 
hypertension and only 1 out of 11 (9%) developed pre eclampsia Patients with 
vertically left sided placental locations delivered a small for dates child in 3 out 
of 11 (27%) cases 
Mainly due to the limited number of patients, no statistical significant differ 
enees could be found, comparing right, middle and left placental locations with 
respect to hypertensive disorders of pregnancy and fetal outcome 
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Table XXIII Transverse subdivision of anteriorly located placentas, with regard to the 
occurrence of hypertensive disorders of pregnancy and birth weight II, the isolated 













































4.4.2 2. Changing placental position in utero, with regard to hypertensive 
disorders of pregnancy and birth weight 
In order to investigate the possible relation between the 'moving' placenta, fetal 
outcome and the incidence of hypertensive disorders of pregnancy, a comparison 
Table XXIV Changing placental site with regard to the occurrence of hypertensive dis­





































was made between 'moving' and not 'moving' placentas in the transverse plane 
(table XXIV) In our population, placental location changed during pregnancy 
in 34 out of 54 (63%) cases (table XVIII) If the placenta did not 'move' during 
pregnancy, 3 out of 20 (15%) patients developed isolated hypertension and 3 out 
of 20 (15%) patients developed pre eclampsia Four out of 20 (20%) patients with 
a not 'moving' placenta delivered a small for dates child ( < 10th percentile of 
Kloosterman) If the placenta did 'move' during pregnancy, 11 out of 34 (32%) 
patients developed isolated hypertension and 5 out of 34 (15%) developed pre­
eclampsia Six out of 34 (18%) patients with a 'moving'placenta delivered a small 
for dates child No statistically significant differences were found between the 
'moving' and not 'moving' group with respect to the occurrence of hypertensive 
disorders of pregnancy and fetal outcome 
4 4 2 3 Transverse subdivision of anteriorly located placentas, m relation to fetal 
position m utero 
In order to investigate the possible influence of placental location on the position 
of the fetus in utero, placental location was compared to the side of the occiput 
or the fetal sacrum in the pelvis of the mother at delivery (table XXV) If, ultra-
sonographically, the placental location was found to be on the right side of the 
uterus, a right occiput position was found at delivery in 2 out of 31 (7%) cases 
In 27 cases, a left occiput position occurred and one breech in sacrum left position 
was found, resulting in a total of 28 out of 31 (90%) cases with the fetal spine on 
the left side of the uterus at delivery when the placenta was located on the right 
side In 1 out of 31 (3%) cases with a right sided location of the placenta, the posi 
tion of the fetus was not registered at delivery 
If ultrasonographically placental location was found to be in the transverse 
middle location, a right occiput position was found at delivery in 5 out of 12 (42%) 
cases, and a left occiput position was found in 7 out of 12 (58%) cases 


































































If ultrasonographically placental location was found to be on the left side of 
the uterus, a right occiput position was found in 8 out of 11 (13%) cases, and a 
left occiput position in 1 out of 11 (9%) cases 
In 2 out of 11 (18%) cases with a left side position of the placenta, the fetal posi 
tion was not registered at delivery In our material a statistically significant ( χ 2 
test, ρ < 0 05) relation was found between right or left side location of the pia 
centa and the occiput or sacrum position at delivery No statistically significant 
relation was found between transversely middle position of the placenta and the 
position of the occiput at delivery (χ test, ρ > 0 10) 
Assuming that the position of the occiput is related to the position of the fetal 
spine one has to conclude that it is highly suggestive that the position of the 
fetus in utero is mainly determined by placental location The preferential right 
localization of the placenta in utero (section 4 3 ) accordingly explains the high 
incidence of the left side position of the fetal spine and left occiput position at 
delivery 
4 4 3 CONCLUSIONS 
In our material, no statistically significant preference of placental location could 
be found between the anterior and posterior uterine wall With regard to the pos 
sible influence of placental location on the occurrence of hypertensive disorders 
of pregnancy and fetal outcome, no statistically significant differences between 
anterior and posterior placental locations were found Also, no statistically sig 
mficant differences were found between the various anterior locations of the pia 
centa with regard to the occurrence of hypertensive disorders of pregnancy and 
fetal outcome Although the various groups of anterior placental locations are 
generally too small for conclusive statistical applications, no indication was 
found which could support the findings of BiENIARZ (1958), that placental loca 
tion affects the occurrence of pre-eclampsia In our study also, no relation could 
be found between placental 'movement' during pregnancy and the occurrence of 
hypertensive disorders of pregnancy and fetal outcome In case of right or left 
sided locations of the placenta, a statistically significant relation was found 
between placental location and the position of the fetus in utero Based on these 
findings, the suggestion is made that placental location is one of the major deter 
mining factors for fetal position in utero As has been described in section 4 3 , 
the placentas in our material tended to occupy a right lateral position In con 
junction with the influence of placental location on fetal position, these findings 
can explain better the high incidence of the left occiput anterior position at birth 
than the hypothesis given by D E Ll· F and GREENHILI (1949) They described the 
position of the sigmoid and rectum as determinant of the predominance of the 
left occiput anterior position Also, the view of JANSSENS (1977) andDROGENDUK 
(1977) is highly questionable They consider the position of the maternal spine 
with regard to the rotated uterus to be the major determining factor for the left 
occiput anterior position 
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CHAPTER 5 
P L A C E N T A L M O R P H O L O G Y 
5 1 Introduction 
In this chapter the possible relation between placental morphology and difieren 
ces in ultrasound transsonity of the placenta will be discussed Also the possible 
relation between ultrasonographic findings and the course and outcome of preg 
nancy will be described 
5 1 1 UITRASONOGRAPHY 
Differences in the ultrasonographic aspect of the placenta were first described 
by WiNSBERG (1973), who distinguished two groups of placentas with respect to 
their ultrasonographic aspect, the 'homogeneous' and the 'irregular' placentas 
In 10 cases the placenta was studied ultrasonographically twice during preg 
nancy In these cases a change in character of the placenta from 'homogeneous' 
to 'irregular' was found within the last weeks of pregnancy Seven of the irregu 
lar placentas were studied after delivery and showed no evidence of infarction, 
calcification or cyst formation They were not considered to be unusual for full 
term gestations Although Winsberg was able to distinguish differences in 
acoustic impedance of the placenta, no anatomical relationship with these dif 
ferences could be found 
FISHER et al (1976) described spaces of increased transsonity partitioned from 
each other by white areas corresponding to the intercotyledonary septa, which 
became more marked during the course of pregnancy The relationship between 
the ultrasonographically white areas and the intervillous septa was established 
by comparing the ultrasonographic pictures with X ray pictures of the placenta 
and with the morphologic aspect of the placenta after delivery 
Fisher also described 'holes' in the center of the placenta which he referred to 
as 'avillous spaces' according to the histologic description of CRAWFORD (1962) 
When differences in the ultrasonographic appearance of the placenta occurred 
before the 36th week of pregnancy, Fisher found an increased number of small 
for dates babies to be born in this group STEIN et al (1977) compared ultraso 
nographic pictures of the placenta during pregnancy with ultrasonographic pic 
tures of the placenta in a waterbath after delivery and with X ray photographs 
of the placenta He concluded tha t the white cup shaped areas in the placenta 
were due to calcium deposits in the intervillous septa of the placenta Stem found 
increased calcium deposits under the following conditions 
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- increased gestational age, 
- low age of the pregnant woman, 
- voluminous placentas, 
- high birth weights 
HANEY and THOUGHT (1978) tried to relate differences in acoustic impedance of 
the placenta to clinical data The restricted number of patients precluded sta-
tistical comparison He suggested tha t transsonic placental changes occurred 
earlier in a high risk obstetric population Apart from that he corroborated the 
results of FISHER et al (1976) and STEIN et al (1977) GRANNUM et al (1979) 
found the same correlation between intervillous septa with calcium deposits and 
the white septa like structures, seen ultrasonographically in the placenta They 
also noticed differences in transsomty at the basal decidual layer level and in the 
subchorial region Based on these criteria, they found a high correlation between 
decreased transsomty of the placenta and maturation of the fetal lung HOOG 
LAND et al (1979) described the relation between nodular increased transsomty 
in the placenta and intervillous thrombosis with respect to the occurrence of Rh-
isoimmumzation 
Most of the reviewed studies were not done under standardized conditions, and 
serial investigations are rare or only done in too few patients to provide statis 
tically significant results 
In order to compare placental morphology with ultrasonographic findings 
during pregnancy, three groups of different acoustic impedance were conside 
red 
Group I - The ultrasonographically uniformly grey placenta 
Group II - Ultrasonographic decreased transsomty 
Group III - Ultrasonographic increased transsomty 
Group I was not subdivided 
Group II was subdivided as follows 
- Diffuse differences in t ranssomty, 
- flocculent decreased transsomty, 
- dotted decreased transsomty, 
- nodular decreased t ransomty, 
- Cup-shaped decreased transsomty, 
- Decreased transsomty at basal decidual layer level, 
- Decreased transsomty a t the level of the chorionic plate 
Group III was subdivided as follows 
- Nodular increased transsomty, 
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- Central increased transsomty in cup shaped s t ructures , 
- Increased transsomty at sub chonal layer level 
All groups of ultrasonographic differences in transsomty will be discussed sepa 
rately and related to the morphologic appearance of the placenta following deli 
very and clinical data 
5 1 2 MORPHOLOGY 
Macroscopic examination of the human placenta is thoroughly described by 
BENIRSCHKE (1961) He stressed the importance of a standardized investigation 
procedure of the placenta after delivery 
In our material only those macroscopic items were investigated from which 
differences in acoustic impedance could by expected or had been proved in the 
past (FISHER et al, 1976, STEIN étal, 1977, HANEY and TROUGHT, 1978, GRAN 
NUM et al, 1979, HOOGLAND et al, 1979) With respect to the expected differen 
ces in acoustic impedance, the macroscopic findings were divided in two groups 
Group I - Expected/proved ultrasonographic decreased transsomty 
Group II - Expected/proved ultrasonographic increased transsomty 
Group I consisted of the following macroscopic findings 
- Infarcts, 
- Nodular fibrin/calcium deposits, 
- Diffuse fibrin/calcium deposits, 
- Fibrin/calcium deposits in the basal decidual layer, 
- Fibrin/calcium deposits against or in the intervillous septa, 
- Fibrin/calcium deposits at subchoriomc level 
Group II consisted of the following macroscopic findings 
- Cysts 
- Chorioangiomas, 
- Vascular s t ructures , 
- Intervillous spaces, 
- Intervillous thrombosis, 
- Retroplacental hematomas 
The clinical importance of the investigated morphologic items will be discussed 
separately 
Infarcts 
The genesis of infarcts is still a controversial subject One has to deal with two 
different points of view YOUNG (1914) explained placental infarction by mater 
nal cause, due to vascular pathology of the spiral arteries The other theory was 
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developed by BARTHOLOMEW (1938), who considered spasm of villous vessels to 
be the cause of placental infarction In a critical review of the literature, LITTLE 
(1960) compared both theories and concluded the Young theory to be the most 
reasonable one This theory has proved to be the most popular one ever since 
(Fox, 1963, BENIRSCHKE and DRISCOLL, 1967, WIGGLESWORTH, 1969) In this re 
spectthestudyof WAI I ENBURG (1971) must be noted He investigated the results 
of hgating the spiral arteries of rhesus monkeys He found macroscopically and 
microscopically ' true infarcts' (Fox, 1963) in those cotyledons whose spiral 
artery was hgated Wallenburg's findings provide strong support for the Young 
hypothesis about the genesis of placental infarction 
Many ways of classifying placental infarction have been described (LlTTlE, 
1960, BARTHOLOMEW et al, 1961) Fox (1963) stressed the importance of stan 
dardized classification of placental infarcts, so comparable morphologic results 
could be obtained Fox only considered those lesions to be ' true infarcts', which 
met to the following criteria 
- Irrespective of shape, one edge of the infarct must always be formed by the 
basal plate, 
- Infarcts may extend through the full thickness of the placenta, 
- Microscopically, early infarcts are characterized by crowding of villi, with nar 
rowing or obliteration of the intervillous space Fetal vessels are congested and 
degenerative changes of pyknosis or karyorrhexis are seen During the later 
stages, the crowded villi become 'ghost like' in appearance, while the nuclei of 
syncytiotrophoblastic cells become either fragmented or disappear compie 
tely The villous stroma has become structureless There is no fibrosis and the 
basement membrane is not thickened - this being in contrast to the physiolo 
gic changes in the villi in late pregnancy, where they become embedded in fib 
n n 
Some properties of placental infarcts are 
- They are commonly found in peripheral areas 
- Their colour changes from dark red (fresh) to brown yellow and eventually 
white 
- There is a progressive loss of structural pattern associated with aging of 
infarcts 
Far more important than the discussion about genesis and classification of pia 
cental infarcts, is the relation between placental infarction and the course of 
pregnancy KLOOSTERMAN and HuiDFKOPER (1954) found in a study of 2000 pia 
centas a lower birth weight than normal, even in cases of 'slight infarction' A 
more pronounced relation between birth weight and placental infarction was 
found in those cases with relatively small placentas 
In a well standardized study, LITTLE (1960) found a positive correlation 
between severity of toxemia and increasing percentage of the placenta infarct 
ed This positive correlation was also found by many others (THOMSEN, 1955 
KUBLIandBUDLIGER, 1963 , BUDLIGER, 1964 and WAI LENBURG 1969) SHANKLIN 
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(1959) did not find any relation between placental infarction and the severity of 
toxemia of pregnancy 
These divergent results could be due in part to different definitions of infarcts 
used by these authors 
In our study only 'true infarcts' (Fox, 1963) were considered Without knowing 
the results of the ultrasonic investigations, all placenta infarcts were described 
in number, location and maximal surface area The macroscopic diagnosis was 
confirmed by microscopy Afterwards the results obtained were compared to 
ultrasonographic findings 
Fibrin and calcium deposits 
These deposits can occur in localized and diffuse pat terns The localized deposits 
are found in old infarcts, fibrous plaques and organized intervillous thromboses 
and are related to such anatomical structures as basal decidual layer, intervil 
lous septa and the subchorial layer 
Deposits of fibrin and calcium are also seen diffusely in the placenta Gene 
rally fibrin/calcium deposits are of little clinical significance They are possibly 
due to alterations of maternal blood flow through the intervillous space during 
last tr imester of pregnancy Fibrin/calcium deposits, occurring diffusely in the 
placenta, are generally due to deposition of maternal fibrin on degeneratively 
changed trophoblastic cells In this regard, LITTLE and PHILLIPS (1962) did not 
find a relation between the amount of fibrin deposits in the placenta and fibri 
nogen, fibnnolysin and fibnnolysin inhibitor concentrations in maternal 
plasma Fox (1967) investigated 712 term placentas and found that fibrin depo 
sits occurred more commonly in uncomplicated pregnancies than in those com 
plicated by toxemia Fox concluded stasis of maternal blood to be one of the basic 
factors causing these fibrin deposits In spite of the restricted clinical signifi 
canee of fibrin/calcium deposits in the placenta, an at tempt was made to demon 
strate a possible correlation between macroscopic and ultrasonographic find 
ings Focal fibrin/calcium deposits not due to infarction or intervillous thrombo 
sis will be described in number, location and surface area All other fibnn/cal 
cium deposits are scored semiquantitatively by microscope No - if no deposits 
were present slight' - if only fibrin deposits were found, 'marked' - if calcium 
deposits were present 
For the sake of completeness it must be noted that calcium deposits might 
occur without the presence of fibrin 
Cysts 
Cysts are commonly seen in term placentas HORMANN (1966) distinguished two 
types of placental cysts the rare true placental cysts (BFNlRbCHKF and DRIS 
roi ι, 1967), and the common pseudocysts The location of pseudocysts is gene 
rally related to the intervillous septa intraplacentally as well as sub chorially 
The origin of pseudocysts is still a subject of considerable controversy Some 
authors regard them as derived from maternal tissues (decidual) and others, as 
derived from fetal (trophoblastic) tissues The fetal origin of pseudocysts seems 
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to be most probable Therefore they will be referred to as cytotrophoblast cysts 
The cytotrophoblast cyst might have the same endocrine property as the tro 
phoblast cells of the basal decidual layer and the intervillous septa (BOYD and 
HAMILTON, 1975) PADDOCK and GREER (1927) found no correlation between the 
presence of cytotrophoblast cysts and the occurrence of toxemia of pregnancy 
These findings were sustained by Fox (1972, 1978), who could not find any rela 
tion between the presence of cytotrophoblast cysts and pathologic clinical data 
Therefore, he concluded ' that a cytotrophoblast cyst is of no clinical impor 
tance' 
Chonoangiomas 
Chonoangiomas occur usually singly The vast majority is small and located 
within the placenta, not visible on the external surface The chonoangioma 
shows a very variable histologic appearance Three microscopic types are 
distinguished (MARCHETTI, 1939, Fox 1978) 
- Angiomatous The tumor consists of numerous blood vessels 
- Cellular The tumor consists of immature mesenchymal tissue 
- Degenerate The tumor shows various degenerative changes (necrosis hyalin 
ization and calcification) 
Since chonoangiomas were not found in our material, we will not discuss this 
subject in more detail 
Vascular structures 
Extensive vascular spaces are found in the chorionic plate The diameter of these 
spaces has a large range The largest bloodvessels are found at the insertion of 
the cord on the placenta As a result of the standardized handling of the placenta, 
discussed in section 2 7 it was not possible to compare the dimensions of the vas 
cular structures with ultrasonographic findings BOYD and HAMILTON (1975) 
described the presence of a 'subchorial lake' underneath the chorionic plate 
BORELL et al (1958), in an X ray artériographie study could not find the 'sub 
chorial lake', so possibly the findings of Boyd and Hamilton are due to shrinkage 
effects as has been described by BECKER (1962) 
Intervillous space 
In our material no intervillous spaces were seen macroscopically Although the 
presence of intervillous spaces in vivo is generally accepted (SPANNER, 1936, 
HORMANN, 1953, BORLLL et al, 1958, RAMSEY, 1960, FREESF, 1966), no valid 
information is present about the size of villous - free spaces and wether these 
spaces are macroscopically detectable after delivery BECKER (1962) could not 
find a distinguishable intervillous space by injecting the urn bilicai vein with milk 
at a pressure of 33 mm Hg and afterwards freezing the placenta in liquid nitro 
gen and sectioning at — 27° С In his study he discussed the vision of SPANNER 
(1936) and RAMSEY (1960) Becker concluded the macroscopically found central 
spaces in the cotyledons of fixed placentas, to be artifacts due to differences in 
shrinkage between the various tissue components of the placenta 
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Intervillous thrombosis 
The definition of intervillous thrombosis, used in this study, is based on the 
description of Fox (1963), who considered intervillous thrombosis to be a mor-
phologic entity quite different from placental infarction, both in origin and in 
microscopical aspect He described the intervillous thrombosis to be usually 
roundoroval, with a considerable variation in size (0 1 5cm) The thrombus con-
sists of red blood cells and laminated fibrin Considering, that no thrombocytes 
are generally found in the 'thrombus', one should prefer to use the term 'coagu 
lum' in stead 
Nucleated blood cells are frequently found in the thrombus Fox also distin-
guished two distinct localizations of intervillous thrombosis with possibly dif-
ferent genesis 
- Intervillous thrombosis localized at the maternal surface should be derived 
from maternal blood due to decidual vein thrombosis 
- The more commonly found localization of intervillous thrombosis, in the cen 
trai portion of the placenta, which might be caused by feto maternal hemor 
rhage. 
The genesis of the central intervillous thrombosis is still in dispute There is a 
continuing argument whether the blood which makes up the lesions is derived 
from maternal or fetal circulation JAVERT ( 1942) discussed the possible relation 
between intervillous thrombosis and Rh-isoimmumzation in 55 cases of erythro 
blastosis POTTER (1948) could not demonstrate any fetal blood cell in the inter 
villous thrombosis by bloodgroup typing of the erythrocytes in the thrombus She 
rejected Javert ' s earlier reports and suggested that the described nucleated cells 
were actually lymphocytes, instead of red blood cells of the fetus KLINE (1948) 
found in the placentas from all of 15 cases of erythroblastosis fetalis numerous 
breaks in the feto-maternal blood barrier, associated with hemorrhage from the 
fetal circulation into the intervillous space KLINE (1948) could demonstrate 
nucleated red blood cells in the intervillous space of the placenta and concluded 
feto-maternal blood transfusions had to be the cause of erythroblastosis fetalis 
The results of Kline were also confirmed by JAVERT and RFISS (1952) They rejec 
ted the view of POTTER (1948) on grounds tha t the blood of the thrombus was 
unsuitable for typing the blood groups because of degenerative changes in the 
erythrocytes, and because of the fact that Potter did not give any data about how 
the typing of the thrombi was performed Javer t and Reiss found in their study 
intervillous thrombosis in 24% of placentas from normal pregnancies and in 79% 
of placentas from pregnancies complicated by erythroblastosis fetalis The ma 
croscopic and histologic aspects of intervillous thrombosis were extensively 
described by BFNIRSCHKE and DRISCOLL (1967) Fox (1963) distinguished'fresh' 
and 'old' intervillous thrombosis The 'fresh' thrombosis was described as a dark 
red structure with parallel layers of fibrin Within days the red blood cells should 
lyse, the center becoming brown, and thereafter in the 'old' intervillous throm 
bosis only white layers of fibrin should remain The lack of organization of the 
thrombus may be related to the fact that the placenta apparently does not have 
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the ability to produce granulation tissue (DUNN, 1959) DEVI et al (1968) inves 
tigated placentas of 120 women in whom the course of pregnancy and delivery 
was uneventful, as well of 264 women whose pregnancy and/or delivery was com 
plicated and of 98 women who were Rh negative with antibodies He confirmed 
the results of JAVERT and REISS (1952) and stated that Rh isoimmunization only 
occurred in those cases where macroscopic intervillous thrombosis was present 
In his conclusions, Devi supposed that in case of existing antibodies, fetomater 
nal transfusions caused agglutination and hemolysis of fetal blood cells, thus 
releasing thromboplastine and resulting in coagulation of maternal blood cells 
in the intervillous space The relation between toxemia of pregnancy and inter 
villous thrombosis was described by JAVERT andREiss (1952), who found a high-
er incidence of intervillous thrombosis in toxemic patients compared to non 
toxemic pregnant women ROLSCHAU (1978) found a significant reduction in 
birth weight in cases of intervillous thrombosis 
In conclusion, a high correlation between intervillous thrombosis and feto-
maternal transfusion has been demonstrated in the past and the relation with 
the occurrence of Rh isoimmunization has been established beyond question-
Also a possible relation between the occurrence of intervillous thrombosis tox 
ernia of pregnancy and birth weight is suggested in literature 
Retroplacental hematomas 
These hematomas are considered to be due to lesions of the spiral arteries, resul-
ting m retroplacental maternal blood loss, usually resulting in fetal demise 
Because no retroplacental hematomas were found in our material, we will not 
discuss this subject in more detail 
5 2 Resul t s 
5 2 1 ULTRASONOGRAPHTC AND MORPHOLOGIC COMPARISON 
5 2 11 The uniform grey placenta 
The placenta in our material was first distinguished at 70 days of gestation 
During the following weeks the placenta had an ultrasonographically uniform 
grey appearance (fig 20) Because no patients delivered in this period, no 
morphologic comparison could be made 
5 2 12 Diffuse differences in transsomty 
From the 126th day of gestation onward, diffuse differences in transsomty of the 
placenta occurred which could have a flocculent (fig 21 ) or more dotted (fig 22) 
appearance During this period usually a clear line was found at chorionic plate 
level, probably due to the high difference in transsomty between placental tissue 
and the amniotic fluid From about 210 days of gestation onward, sometimes, 
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Fig. 20. Longitudinal scan at 12 weeks of gestation; note the uniform grey 
appearance of the placenta (P). AW : abdominal wall ; A : amniotic sac ; FP : fetal 
par t ; UW: uterine wall. 
more nodular decreased transsonity was found (fig. 23). These areas of nodular 
decreased transsonity were never found to be sharply demarcated, so no quan-
titative comparison with placental morphology could be made. In comparison 
with placental morphology, flocculent, dotted and nodular decreased transso-
nity were considered to be diffuse differences in transsonity. Diffuse differences 
in transsonity occurred in all 54 studied placentas. As has been mentioned before 
the earliest occurrence of diffuse differences in transsonity was seen at 126 days 
of gestation, the latest occurrence was seen at 254 days of gestation. The grade 
of diffuse differences in transsonity was scored semi-quantitatively, as to be 
'slight' or 'marked'. 'Slight' diffuse differences in transsonity were found until 
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Fig. 21. Longitudinal scan at 24 weeksof gestation ; note the ñocculent decreas-
ed transsonity and the decreased transsonity at chorial layer (CD level; AW: 
abdominal wall; P : placenta; FP: fetal parts. 
delivery in 27 out of 54 (50%) of the cases. In the remaining 27 cases (50%), 'mark-
ed' diffuse differences in transsonity developed. The earliest occurrence of the 
'marked' ultrasonic findings was at 207 days of gestation. The latest occurrence 
of 'marked' diffuse differences in transsonity was at 292 days of gestation. 
•si 
Fig. 22. Transverse scan at 38 weeks of gestation; note the dotted decreased 
transsonity; AW: abdominal wall; P : placenta; FP: fetal parts. 
A comparison was made between the grade of diffuse differences in transso-
nity at the last ultrasonographic examination before delivery and placental 
morphology. As has been discussed in section 2.7 two placentas were mistakenly 
destroyed after delivery, so only 52 placentas could be used for the comparison. 
Morphologically, localizeddepositsof fibrin were found in 13 out of 52 (25%) pla-
centas, some due to infarcts of the placenta. The surface area of the lesions rang-
ed from 0.2 to 9.5 cm2. As has been mentioned before, no sharply demarcated 
nodular decreased transsonity was found in our ultrasonographic material. This 
leads to the conclusion that in our hands, ultrasonic investigation of the placenta 
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Fig. 23. Longitudinal scan at 36 weeks of gestation ; note the nodular decreased 
transsonity; AW: abdominal wall; P : placenta; FP: fetal parts. 
did not demonstrate localized deposits of fibrin. This finding might be mainly due 
to a low difference in transsonity between normal placental tissue and fibrin. 
The morphologic diffuse deposits of fibrin and calcium were examined microsco-
pically. A comparison was made between 'slight' and 'marked' ultrasonographic 
findings and the amount of fibrin or calcium deposits, (table XXVI). 
In 17 out of 52 (33%) placentas, calcium (marked) deposits were found while 
in the remaining placentas (67%) only fibrin (slight) deposits were found. 
According to the chi-square test of independence, a trend could be detected 
(p = 0.08), tha t in cases of 'marked' diffuse differences in transsonity, propor-
tionately more calcium deposits were found. 
83 
Table XXVI Subdivision of the number of patients for the comparison of diffuse differen-

























5.2 1 3 Cup-shaped decreased transsonity 
In 29 out of 54 (54%) placentas, cup-shaped decreased transsonity was seen 
ultrasonographically (fig. 24), probably related to the intervillous septa of the 
placenta (FISHER et al., 1976, STEIN et al, 1977, HANEY and THOUGHT, 1978, 
Table XXVII Subdivision of the number of patients for the comparison of cup-shaped 




























Fig. 24. Longitudinal scan at 33 weeks of gestation ; note cup-shaped decreased 
transsonity (CSDT) and decreased transsonity at basal decidual layer (BL) 
level; AW: abdominal wall; P : placenta; FP: fetal parts . 
GRANNUM et al., 1979). In our material the earliest detection of cup-shaped 
decreased transsonity was at 212 days of gestation, the latest appearance was 
at 278 days of gestation. 
A comparison was made between cup-shaped decreased transsonity and the 
amount of calcium deposits in the intervillous septa, demonstrated by microscop-
ic examination (table XXVII). 
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Fig. 25. Longitudinal scan at 36 weeks of gestation; note 'slight' decreased 
transsonity at basal decidual layer (BL) level ; AW : abdominal wall ; Ρ : placenta ; 
SCL: subchorial lake; NIT: nodular increased transsonity; F P : fetal parts. 
By means of the chi-square test of independence, no statistically significant 
(p » 1.0) relation could be found between the ultrasonographic and morpho­
logic intervillous septa. This lack of significance might be mainly due to the re­
stricted number of intervillous septa studied microscopically. 
5.2.1.4. Decreased transsonity at basal decidual layer level 
In 50 out of 54 (93%) placentas, ultrasonographic decreased transsonity was 
seen at the basal decidual layer level during the second half of pregnancy. The 
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Fig. 26. Transverse scan at 39 weeks of gestation; note the 'marked' decreased 
transsonity at basal decidual layer (BL) level ; AW : abdominal wall ; Ρ : placenta ; 
F P : fetal parts. 
decreased transsonity could be 'slight' (fig. 25) or 'marked' (fig. 26). In the 
remaining 4 cases (7%) no decreased transsonity was found during pregnancy. 
The 'slight' decreased transsonity was first seen at 182 days of gestation and the 
latest appearance was at 279 days of gestation 'Marked' decreased transsonity 
at basal decidual layer level was first seen at 227 days of gestation and the latest 
appearance was at 282 days of gestation. The 'marked' decreased transsonity 
developed in 15 out of 54 (28%) placentas. 
A comparison was made between the grade of ultrasonographically decreased 
transsonity and the amount of calcium deposits in the basal decidual layer, sco-
red by microscopic examination (table XXVIII). According to the rank correla­
tion test of Spearman a significant positive correlation was found (r = 0.71 ; 
ρ = 0.001). 
Table XXVIII. Subdividion of the number of patients for the comparison of decreased 
transsonity at basal decidual layer (DTBL) level and morphologic findings in the basal 







































Likewise after leaving out the 4 cases without observed decreased transsonity, 
the chi-square test for independence gave a significant ( p < 0 . 0 1 ) relation 
between the increment of ultrasonographically decreased transsonity at basal 
decidual layer level and the presence of calcium deposits in the basal decidual 
layer. 
5.2.1.5. Decreased transsonity at the level of the chorionic plate 
In all placentas differences of transsonity were seen ultrasonographically at the 
level of the chorionic plate (fig. 21). These differences might be due to the dif­
ference in acoustic impedance between amniotic fluid and placental tissue, or 
due to fibrin/calcium deposits in the sub-chorial area. The strength of the echoes 
coming from the chorionic plate area could also be influenced by the amount of 
undulation of the chorionic surface. Apposition of fetal parts to the fetal surface 
of the placenta causes a strong disturbance of the ultrasonographic findings. 
Due to all these influences, the ultrasonographic picture of the chorionic layer 
is considered to be an unreliable display of placental morphology. Therefore, this 
ultrasonographic feature will not be discussed further. 
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Fig. 27. Transverse scan 2 (T2, upper figure) at 37 weeks of gestation; note 
nodular increased transsonity (NIT); AW: abdominal wall; P: placenta; F P : 
fetal par t s ; M: midline; 2: longitudinal scan 2. 
5.2.1.6 Nodular increased transsonity 
Nodular increased transsonity was seen ultrasonographically in 36 out of 54 
(67%) placentas (fig. 27 and 28). Twenty out of 36 (56%) had single and 16 out 
of 36 (44%) had multiple lesions. The diameter of the areas of nodular increased 
transsonity ranged from 0.3 tot 3 cm. The largest lesion in our material measu­
red 2.8 χ 1 cm. In order to compare ultrasonographic and morphologic findings 
a subdivision was made between large (diameter > 0.5 cm) and small (diame-
89 
Fig. 28. Longitudinal scan 2 (L2, upper figure) (placenta of fig.27) at 37 weeks 
of gestation ; note nodular increased transsonity (NIT) ; AW : abdominal wall ; Ρ : 
placenta; F P : fetal parts ; N: navel; 1, 2, 3, 4,: transverse scans. 
ter ^ 0.5 cm) lesions. In 12 out of 36 (33%) placentas small lesions and in 24 out 
of 36 (67%) placentas large lesions were found ultrasonographically. The earliest 
occurrence of nodular increased transsonity was at 144 days of gestation, the 
latest appearance was at 276 days of gestation. Some lesions increased during 
a few weeks, others decreased and sometimes disappeared. 
Of the 9 Rh-negative mothers in our material nodular increased transsonity 
was found in 4 cases (44%), compared to 32 out of 45 (11%) in Rh-positive moth­
ers. 
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Fig. 29. Morphologic appearance of placenta (fig. 27/28) ; note central intervil­
lous thrombosis (IVT). 
The comparison of ultrasonographic and morphologic findings was done in 52 
out of 54 placentas due to the loss of two placentas after delivery (page 36). 
Thirty-four of these 52 placentas showed nodular increased transsonity : 10 pla­
centas had small and 24 had large lesions. 
At morphologic examination of the placenta after delivery, single or multiple 
cytotrophoblast cysts were found in 12 out of the 52 (23%) studied placentas. 
Single or multiple intervillous thrombi (fig. 29) were found in 27 out of 52 (53%) 
placentas. A subdivision was made between large (diameter > 0.5 cm) and small 
(diameter ΐΞ 0.5 cm). Six of the cytotrophoblast cysts were large (50%), and 6 
were small (50%). 
Of 27 placentas with intervillous thromobis, 20 (74%) showed large thrombi 
and the remaining 7 were small. 
A comparison was made between location, shape and surface area of both 
ultrasonographic and morphologic lesions. In only 3 out of 12 (25%) could ultra­
sonographic findings be related to cytotrophoblast cysts (table XXIX). 
In 19out of 20 (95%) placentas with large a n d 3 out of 7 with small intervillous 
thromboses, a relation was found between these lesions and ultrasonographic 
nodular increased transsonity, as well in shape, location and surface area (fig. 
27/28/29) (table XXIX). One large lesion was found macroscopically at a distance 
of some centimeters from the echoscopically expected localization. This might 
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Table XXIX. Subdividion of the number of pat'ents for the comparison of nodular in­


























































be due to inaccurate determination of the longitudinal axis of the placenta after 
delivery (page 36). So probably all 20 (100%) of the large intervillous thromboses 
were actually detected by ultrasonography. One large area of nodular increased 
transsonity ( 1 χ 0.7 cm) was not detectable macroscopically. In 5 cases, a small 
area of nodular increased transomty was seen ultrasonographically without any 
relation to macroscopic findings in the placenta. These failures might be due to 
the thickness of the slices used for macroscopic examination (5 mm). Intervil­
lous thrombosis was found in 4 out of 9 (44%) placentas'from Rh-negative moth­
ers. In 5 of these 9 women (56%), materno-fetal Rh-incompatibility was present. 
Intervillous thrombosis was observed macroscopically in 3 out of these 5 (60%). 
In these 3 cases, intervillous thrombosis was predicted by ultrasonographic 
nodular increased transsonity. 
5.2.1. 7 Central increased transsonity m cup-shaped structures 
FISHER et al. (1976) described acoustic 'holes'in the center of the placenta, which 
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Fig. 30. Transverse scan at 34 weeks of gestation (multiparous patient from 
pilot study) ; note central increased transsonity (CIT) in cup-shaped structures ; 
AW: abdominal wall; P; placenta. 
he related to the avillous spaces of the cotyledon according to the histologic 
description of CRAWFORD (1962) (section 5.1.1.). 
In 6out of 34 (18%) placentas, areasof nodular increased transsonity could not 
be related to any detectable morphologic change in the placenta. These ultraso-
nographic lesions were not located in the center of cup-shaped structures (sec-
tion 5.2.1.3). 
In our pilot study, one placenta of a multiparous patient showed regular cen-
tral increased transsonity in cup-shaped structures (fig. 30). This finding could 
not be related to any detectable morphologic change in the placenta. 
As has been discussed in section 5.1.2., no morphological avillous space could 
be found in our material. So, by comparing ultrasonographic and morphologic 
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Fig. 31. Transverse scan at 26 weeks of gestation; note increased transsonity 
(NIT) at subchorial layer level; AW: abdominal wall; P : placenta; FP: fetal 
parts. 
data we could neither sustain nor reject the view of FISHER et al. (1976). Possibly 
in some placentas central increased transsonity is related to large villous-free 
spaces. Based on our data, central increased transsonity in cup-shaped structu-
res, is evidently not a general finding. 
5.2.1.8. Increased transsonity at subchorial layer level 
In all placentas increased transsonity was present at the subchorial layer level. 
It could be nodular (fig. 31) and in those cases of very large areas of increased 
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Fig. 32. Transverse scan at 33 weeks of gestation ; note increased transsonity at 
subchorial layer level ; AW : abdominal wall ; Ρ : placenta ; SCL : subchorial lake ; 
F P : fetal parts. 
transsonity, we used the description: 'subchorial lake' (fig. 25; 32). In our mate­
rial no chorial cysts were found which could explain the generally found nodular 
increased transsonity at subchorial level. This observation is in disagreement 
with FISHER et al. (1976). In our view, increased transsonity at the subchorial 
level is generally best explained as due to vascular structures. Due to the stan­
dardized method of handling the placenta (section 2.7.), we were not able to com­
pare ultrasonographic and morphologic data in regard to these nodular increas­
ed transsonity areas. 
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Based on the morphologic finding that in most cases the largest bloodvessels 
are found at cord insertion into the placenta, we compared the ultrasonographic 
localization of the 'subchorial lake' with the place of cord insertion into the pla­
centa, vertically as well as transversely. A 'subchorial lake' was seen in 31 out 
of 52 (60%) placentas available for investigation. Sometimes the 'subchorial 
lake' was clearly seen in one direction while it was not detectable in the other. 
Vertically the 'subchorial lake' was found in 22 out of 31 (71%) cases, and trans­
versely in 29 out of 31 (94%) cases. The location of the 'subchorial lake'was found 
to be changed from one examination to another, vertically for 2 patients and 
transversely for 3. These cases were excluded for further comparison. Thus ver­
tically 20 and transversely 26 cases were compared (table XXX and XXXI). By 
Table XXX Subdivision of the number of patients for the comparison of the vertical loca­






































means of the chi-square test of independence, a significant (p < 0.001) relation 
was found between the ultrasonographical location of the 'subchorial lake' and 
the place of cord insertion into the placenta, both vertically and transversely. 
However, it must be noticed that because of the small cell numbers, these chi-
square tests were only valid in approximation. Nevertheless ultrasonography 
seems to be a reliable method for determining the site of umbilical cord insertion 
into the placenta based on the location of a large subchorial area of increased 
transsonity. 
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Table XXXI Subdivision of the number of patients for the comparison of the transverse 









































5 2 2 DIFFFRENCLb IN THANSSONITY NOT RELATED TO MOUPHOI OG1C H N D I W . S IN 
1ΉΕ PLACEN'l A 
As has been described in section 5 2 1 7 , in 6 out of 34 (18%) placentas no rela 
tion could be found between nodular increased transsonity and any morphologic 
change in the placenta This discrepancy might be due to the thickness of slices 
used for macroscopic examination, or due to functional placental morphology 
only present during pregnancy, as for instance the intervillous space 
In one patient at a menstrual age of 144 days, an area of increased transsonity 
was seen (diameter 3 x 2 cm) in the placenta (fig 33 a, b) This lesion gradually 
decreased during the following weeks and 4 weeks later it was not detectable 
anymore No abnormal clinical data were present and the course of pregnancy 
was uneventful Morphologic examination of the placenta did not show any 
abnormality This ultrasonographic lesion might have been due to a transient 
cyst or hematoma 
In one placenta at a menstrual age of 216 days, an intraplacental structure 
was seen (fig 34) Also in other placentas these structures seemed sometimes 





















Fig. ЗЗ11. Transverse scan at 21 weeks of gestation; note increased transsonity 
(IT) at full thickness of the placenta ; AW : abdominal wall ; Ρ : placenta ; FP ; fetal 
parts . 
clinical data were present and the course of pregnancy was uneventful. Mor­
phologic examination of the placenta did not reveal any abnormality. This ultra­
sonographic finding gave the impression of vascular structures which could not 
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Fig. 33 ь . Longitudinal scan (placenta offig. 33a) at 21 weeks of gestation; note 
increased transsonity (IT); AW: abdominal wall; P: placenta; F P : fetal parts. 
be demonstrated macroscopically. The reason why no more of these structures 
were accurately seen by ultrasound might be the limited resolution of the tech­
niques used. 
Fig. 34. Longitudinal scan at 34 weeks of gestation ; note structures with increa-
sed transsonity within the placenta (P); AW: abdominal wall; FP: fetal parts. 
5.2.3 . MORPHOLOGIC FINDINGS IN THE PLACENTA NOT RELATED WITH DIFFERENCES 
IN TRANSSONITY 
As has been discussed in section 5.2.1.2., macroscopic deposits of fibrin could not 
be demonstrated ultrasonographically, probably due to a low difference in trans-
sonity between normal placental tissue and fibrin. Fresh infarcts with a surface 
area ranging from 1 to 4 cm2 were found in three placentas. None of these fresh 
infarcts were seen ultrasonographically. This discrepancy might be due to two 
facts : 
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- The fresh infarcts developed between the last ultrasonographic examination 
and delivery. 
- Fresh infarcts have the same acoustic impedance as normal placental tissue. 
This last possibility seems to be the most reasonable one, because the composi-
tion with regard to acoustic impedance will probably not change considerably 
when infarction occurs. 
In summary, no placental infarcts either fresh nor old, could be demonstrated 
in our material. 
5.2.4. PHYSIOLOGICAL CHANGES IN TRANSSONITY OF THE PLACENTA 
DURING PREGNANCY 
In order to demonstrate possible physiological changes in transsonity of the pla-
centa during pregnancy, serial photographs are presented (fig. 35-44) of the 
same placenta at different weeks of gestation. The patient considered had an 
'optimal' pregnancy: she developed no hypertensive disorders, she did not 
smoke, there were no preexisting illnesses and she delivered a child with a 
normal birth weight (between the 10th and 90th percentile of Kloosterman) 
at term. 
The following 10 longitudinal scans are made at different stages of the same 
'optimal' pregnancy. 
Fig. 35. Eight weeks of gestation; the placenta is not yet well distinguishable. 
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Fig. 36. Twelve weeks of gestation ; note the uniform grey aspect of the placenta. 
Fig. 37. Sixteen weeks of gestation; note the decreased transsonity at chorial 
layer level. 
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Fig. 38. Twenty weeks of gestation; still a quite uniform grey placenta. 
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Fig. 39. Twenty-four weeks of gestation; note the flocculent decreased trans-
sonity and the increased transsonity underneath the chorial plate. 
103 
Fig. 40. Twenty-eight weeks of gestation; note diffuse differences in trans-
sonity. 
Fig. 41. Thirty-two weeks of gestation; the ultrasonographic aspect of the pla-
centa has not clearly changed since the twenty-eights week. 
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Fig. 42. Thirty-four weeks of gestation; note the decreased transsonity at basal 
decidual layer level and the cup-shaped decreased transsonity. 
Fig. 43. Thirty-six weeks of gestation; the ultrasonographic aspect of the pla-
centa has not clearly changed since the thirty-fourth week. 
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Fig. 44. Thirty-eight weeks of gestation ; 'marked' cup-shaped decreased trans-
sonity. 
5.2.5. ULTRASONOGRAPHIC CHANGES IN THE PLACENTA, RELATED TO CLINICAL 
DATA 
In order to investigate a possible relation between clinical data and ultrasono-
graphic differences in transsonity, a comparison was made between the clinical 
data used in this study (severeness of hypertensive disorders of pregnancy (sec-
tion 2.3.2), severeness of smoking (section 2.3.3.) and birth weight classes 
(SGA, < 10th percentile; AGA, ^ l O t h and < 90th percentile of Kloosterman)) 
and the following differences in transsonity: 
- diffuse differences in transsonity; 
- cup-shaped decreased transsonity; 
- decreased transsonity at basal decidual layer level; 
- nodular increased transsonity. 
By means of chi-square tests no clearly significant relations were found between 
ultrasonographic differences in transsonity and clinical data. Only a slight indi-
cation (p = 0.10) was found, that the number of areas with nodular increased 
transsonity was related to the amount of smoking during pregnancy in some way 
(table XXXII). Possibly nodular increased transsonity occurs proportionately 
more frequent for the non-smoking group. The Spearman rank correlation coef-
ficient for the index of the smoking group and the number of noduli appeared to 
be -0.18 (p>0 .10 ) . 
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Table XXXII Subdivision of the number of patients for the comparison of the areas of 
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Further a slight indication (p = 0 10) was found that in case of pregnancies 
resulting in small for dates babies ( < 10th percentile of Kloosterman), propor­
tionately fewer areas of nodular increased transsonity were seen in the placenta 
than in those pregnancies resulting in adequate for gestational age babies 
( > 10th percentile and ζ 90th percentile of Kloosterman) (table XXXIII) 
Secondly, a possible relation was investigated between these clinical data and 
the menstrual age at which for the first time the previously mentioned differen 
ces in transsonity occurred 
By means of the Student test for two samples, an indication was found 
(p = 0 06) that generally in case of pregnancies resulting in small for gestational 
age babies ( < 1 0 t h percentile of Kloosterman), nodular increased transsonity 
was seen earlier in pregnancy than in pregnancies resulting in babies with a 
birth weight appropriate for gestational age ( ^ 10th percentile and ^ 90th per­
centile of Kloosterman) (table XXXIV) 
By means of the Student test for two samples, cup-shaped decreased transso 
nity was generally seen earlier in pregnancy in patients delivering small for 
gestational age babies, than in those pregnancies resulting in the delivery of 
appropriate for gestational age babies (p = 0 02) (table XXXV) But considering 
the difference in standard deviations of both groups (variance ratio test 
ρ = 0 004), the validity of the test used is questionable Check of the results by 
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Table XXXIII. Subdivision of the number of patients for the comparison of areas of nodu­
lar increased transsonity (NIT) and the separate birth weight groups; SGA small for 






























Table XXXIV. The first time at which nodular increased transsonity was seen during 
pregnancy, for the separate birth weight groups; SGA. small for gestational age, AGA 




















the Welch test (a test not preassuming equal standard deviations) did not give 
the significance found by the Student test (p > 0.10). So the question whether 
the early occurrence of cup-shaped decreased transsonity is associated with a 
higher incidence of small for gestational age babies cannot be answered defini­
tely. By means of the one-way analysis of variance, the hypothesis that on the 
average the non-smokers, the mild-smokers and the heavy smokers do not differ 
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Table XXXV The first time at which cup shaped decreased transsomty was seen during 
pregnancy for the separate birth weight groups, SG A small for gestational age, AG A 
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as regards the menstrual age at which 'marked' diffuse decreased transsomty 
was found for the first time in pregnancy, had to be rejected (p = 0 05) Further 
investigation by means of the Scheffé method suggested that in cases of heavy 
smoking, 'marked' diffuse decreases transsomty possibly occurred earlier than 
in cases of mild (p = 0 10) or non-smoking (p = 0 11) (table XXXVI) 
Because of the differences in variances (Bartlett test p = 0 02) we could doubt 
the validity of the analysis of variance applied However, the distribution free 
test of Kruskal - Wallis together with Wilcoxon test led to the same conclusions 
Table XXXVI The first time 'marked' diffuse difference in transsomty was seen during 
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Except in these three discussed comparisons with dubious significance, no other 
statistically significant relations could be found - respectively by a Student test 
or a one way analysis of variances - between the earlierst occurrence of the 
various differences in transsonity and clinical data. 
5.3. C o n c l u s i o n s 
The ultrasonographic appearance of the placenta was classified in regard to dif­
ferences in transsonity : The uniform grey placenta, diffuse differences in trans­
sonity, cup-shaped decreased transsonity, decreased transsonity at basal deci­
dual layer level, decreased transsonity at the chorionic plate level, nodular 
increased transsonity, central increased transsonity in cup-shaped structures 
and increased transsonity at the subchorial level. 
These ultrasonographic aspects were compared to placental morphology and 
the course and outcome of pregnancy. 
Since in our material neither old nor fresh infarcts were detectable ultrasono-
graphically, the use of this technique seems to be of no value in diagnosing these 
pathological conditions. 
In case of 'marked' diffuse differences in transsonity, a slight indication was 
found that proportionately more diffuse calcium deposits were present than in 
case of 'slight' diffuse differences in transsonity. 
In contrast to the findings of FISHER et al. (1976), STEIN et αι. (1977), HANEY 
and THOUGHT (1978) andGRANNUM et al. (1979), in our material no statistically 
significant relation was found between the occurrence of cup-shaped decreased 
transsonity and calcium deposits in intervillous septa. This lack of significance 
might be mainly due to the limited number of intervillous septa studied micro­
scopically. 
In case of 'marked' decreased transsonity at basal decidual layer level, propor­
tionately significantly more calcium deposits were found in the basal decidual 
layer compared with placentas with 'slight' decreased transsonity at basal deci­
dual layer level. 
Decreased transsonity at the chorionic plate level was found not to be a reliable 
parameter for placental morphology. 
Nodular increased transsonity was found to have a poor relation to cytotro-
phoblast cysts, but a good relation to intervillous thrombosis. Of the intervillous 
thromboses 95% of the large and 43% of the small lesions were detected ultra-
sonographically. The earliest detection of nodular increased transsonity was at 
a menstrual age of 144 days. Some lesions increased during the next weeks, 
others decreased or became undetectable by ultrasonography The 'disappear­
ance' of the areas of nodular increased transsonity might be due to a change in 
acoustic impedance of the intervillous thrombosis caused by hyalinization of the 
lesion, as has been described by Fox (1963). He distinguished 'old', hyalinized 
and 'recent', non-hyalinized, intervillous thromboses. The 'age' of intervillous 
thrombosis cannot, in our view, be calculated by its morphologic appearance 
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after delivery Intervillous thrombosis diagnosed early by ultrasonography, may 
still have a 'recent' aspect at birth however in other cases, detected much later 
in pregnancy, the lesion showed the 'old' intervillous thrombosis aspect at birth 
These findings might indicate a difference in 'aging' ra te of the intervillous 
thrombus As has been discussed in section 5 1 2 , the presence of intervillous 
thrombosis is considered to be related to the occurrence of Rh isoimmunization 
The value of prophylactic antenatal injection of Rh immune globulin has been 
described by BOWMAN and POLLACK (1978a) but the antenatal injection of all 
Rh negative women would involve considerable costs (BOWMAN and Poi LACK 
1978b) In our study, ultrasonography has found to be a reliable method for the 
diagnosis of intervillous thrombosis in anteriorly located placentas So one could 
screen Rh negative women with anterior placentas ultrasonographically, to 
select patients with areas of nodular increased transsonity for Rh immune pro 
phylaxis during pregnancy Unfortunately this ultrasonographic criterion is not 
yet available when the placenta is located posteriorly Since most areas of nodu 
lar increased transsonity became apparent between the 35th and 37th week of 
gestation, it might be advisable to retest mothers at risk after the 37th week of 
gestation for the presence of Rh antibodies, if none have previously been demon 
strated If an area of nodular increased transsonity is found in the placenta, it 
might be advisable to determine the amount of possible feto maternal transfu 
sion (KLEIHAUER et al, 1957) and in the case of Rh-negative women, the dose of 
Rh immune globulin should be related to the severity of the transfusion 
Central increased transsonity in cup shaped structures, as has been described 
by FISHER et al (1976) and which was found in our pilot study (section 5 2 1 7 ) , 
was not related to any morphologic finding in the placenta, the possible relation 
to the intervillous space has been discussed 
Increased transsonity at subchorial level is, in our view, probably due to vas 
cular echoes This is in contrast to the opinion of FISHER et al (1976), who related 
these areas to subchorial cysts We found, only occasionally, macroscopic chorial 
cysts which could explain the ultrasonographic findings 
The ultrasonographic location of the 'subchorial lake' probably is statistically 
significantly related to the site of cord insertion into the placenta 
Some ultrasonographic findings not related to macroscopic placental morpho 
logy were discussed in section 5 2 2 
Many ultrasonographic differences in transsonity were noticed during an 
'optimal' pregnancy (section 5 2 4 ) 
Except for the possible clinical value of early diagnosis of intervillous throm 
bosis, no statistically significant relations were found between differences in 
transsonity and the course and outcome of pregnancy Neither could any statis 
tically significant relation be found between the menstrual age at which for the 
first time differences in transsonity occurred and the course and outcome of 
pregnancy Indications of possible negative relationships were found between 
smoking during pregnancy and the occurrence of multiple areas of nodular 
increased transsonity A possible relationship was also found between birth 
weight and areas in the placenta with nodular increased transsonity If these 
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ultrasonographic findings occurred early in the last t r imester of pregnancy an 
indication for a higher incidence of small for gestational age babies was found 
In agreement with FISHER et al (1976), we observed tha t the pregnancy ten 
ded to end in the delivery of a small for gestational age baby, when areas of cup 
shaped decreased transsonity appeared early The reliability of the statistical 
test used is doubtfull, however A slight indication was found that smoking 
during pregnancy might be related to the point in time at which diffuse differen 
ces in transsonity occurred 
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S U M M A R Y 
The possible clinical value of ultrasonography of the placenta was investigated 
in a standardized prospective study 
The ultrasonographic aspects - placental growth, localization and differences in 
transsonity - of 56 primigrávida placentas were examined serially from early 
pregnancy until delivery The ultrasonographical data obtained were, when pos 
sible, compared with clinical data and morphologic findings in the placenta 
In chapter 1, a short review is given of the historical development of placenta 
investigation After World War II, the clinical application of ultrasound became 
available for diagnostic purposes This meant the first step towards a non inva 
ы е method of investigation of the placenta during pregnancy, used in this 
study 
In chapter 2, the methods used in this study are discussed A primary division 
is made between anteriorly (56) and posteriorly (53) located placentas The an 
teriorly located placentas were investigated serially throughout pregnancy 
Definitions are given of the clinical criteria used In section 2 4 , a short intro 
duction to ultrasonographic techniques is given In this section also the safety 
of diagnostic ultrasound is described Essential for the results obtained in this 
study is the use of the 5MHz transducer by which a high resolution can be 
achieved, while the limitations of reduced penetration are a relative small prob 
lem in anteriorly located placentas In section 2 5 the measuring procedure of 
the placental surface area is discussed and an overall mean measuring error of 
3% is calculated In section 2 7 , the standardized handling of the placenta for 
reliable morphologic examination is stressed 
In chapter 3, the ultrasonographic results concerning placental growth are dis 
cussed In this study, placental length, width and thickness are measured sepa 
rately and based on these measurements placental surface area (greatest length 
χ greatest width) and placental 'volume box'(placental surface area χ greatest 
thickness) are calculated Because of the limitations of placental thickness mea 
sûrement, discussed in section 3 1 1 , we refer preferably to placental surface 
area 
Placental surface area is assumed to be a reliable parameter for estimating 
placental growth throughout pregnancy 
All individual placental growth curves in this study show a linear course 
during the first part of pregnancy During the second part of pregnancy, placen 
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tal growth could persist in the growth rate of early pregnancy, but it also could 
decrease or cease 
Both parts of the growth-curve were studied in regard to a possible relation 
with the course and outcome of pregnancy A 'warning limit' is calculated at a 
menstrual age of 150 days If placental surface area at 150 days of gestation is 
equal to or less than this limit (187 cm ), the mother is considered to be at high 
risk for delivering a small for gestational age baby ( ' 10th percentile of Kloos 
terman) In our series, 6 out of 9 (67%) patients with placental surface area equal 
to or below this limit at 150 days of gestation delivered a small for gestational 
age baby Placental surface area at 150 days of gestation was not related to the 
occurrence of hypertensive disorders later in pregnancy So limited placental 
size in the first part of pregnancy is problably not the determining factor in whe 
ther hypertensive disorders of pregnancy occur or not 
Smoking during early pregnancy was almost significantly related to a smaller 
placenta at 150 days of gestation compared to the placenta of non smoking 
patients If a patient smoked more than 10 cigarettes per day, we found a clearly 
significant difference of placental surface area compared to non smoking 
patients 
A high correlation was found between the ultrasonographically measured pia 
cental surface area and placental 'volume box' at the last ultrasonographic exa-
mination before delivery, and placental measurements after delivery and birth 
weight Notwithstanding the high correlation, the ultrasonographic measure-
ment of the placenta during the last trimester of pregnancy is considered to be 
of limited clinical value The ultrasonographically measured placental volume 
shortly before delivery was significantly greater in patients with pre eclamptic 
symptoms, compared to the 'optimal' group of patients 
At the last ultrasonographic investigation before delivery an indication was 
found that generally the placental 'volume box' was smaller in cases of heavy 
smoking during pregnancy, compared to non smoking 
This is in agreement with the findings at 150 days of gestation 
In chapter 4, ultrasonographic placental localization is discussed The impor-
tance of good definitions concerning placental location is stressed In our mate-
rial a changing of placental site was observed, vertically as well as transversely, 
with respect to the abdominal wall of the mother The placenta was found to have 
a statistically significant preference to the right middle location The reason for 
this might be differences in vascular anatomy between the left and the right side 
of the uterus In our opinion, however, no valid arguments are present to sustain 
the hypothesis of 'dynamic placentation' 
In section 4 4 the possible influence of placental location on the course and out-
come of pregnancy was investigated No statistically significant differences 
were found between anteriorly and posteriorly located placentas, with regard to 
the occurrence of hypertensive disorders of pregnancy and low birth weight 
Neither could any statistically significant difference be found between the 
various anterior placental locations with regard to clinical data This lack of sta 
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tistical significance might be mainly due to the limited numbers of patients in 
the compared groups 
In section 4 4 2 3 a statistically significant relation was found between pia 
cental localization in utero and the position of the fetal spine at delivery Based 
on this finding, the preference of the left occiput anterior position may be ex 
plained by the preferential right side location of the placenta 
In chapter 5, the possible relation between the ultrasonographic aspects and the 
morphology of the placenta is discussed A possible relation between differences 
in transsonity and clinical data was also investigated During early pregnancy, 
the placenta had a uniformly grey appearance, ultrasonographically In all pia 
centas in our study, the ultrasonographic aspect changed during pregnancy 
From a menstrual age of 126 days onward three possible diffuse differences in 
transsonity were found flocculent decreased transsonity dotted decreased 
transsonity and nodular decreased transsonity Besides the diffuse differences 
in transsonity also localized differences were found 
Cup shaped decreased transsonity was seen in 54% of the placentas from the 
212th day of gestation onward Also decreased transsonity at the basal decidual 
layer lever and at level of the chorionic plate was observed Nodular increased 
transsonity was found in the placenta from a menstrual age of 144 days onward 
in 67% of the placentas Increased transsonity at the subchorial level was seen 
from early pregnancy until term in all our placentas 
Only in our pilot study was central increased transsonity in cup-shaped struc 
tures clearly seen, but it was not demonstrated in this serial study Central 
increased transsonity in cup shaped structures is therefore discussed separately 
in section 5 2 1 7 
The various differences in transsonity were compared to placental morphology 
Since in our material neither old nor fresh infarcts were detectable ultraso 
nographically, the use of this technique seems to be of no value in diagnosing 
these pathological conditions 
In case of 'marked' decreased transsonity at basal decidual layer level, propor 
tionately significantly more calcium deposits were found in the basal decidual 
layer after delivery, compared to placentas with 'slight' decreased transsonity 
at basal decidual layer level Decreased transsonity at level of the chorionic plate 
was found not to be a reliable parameter for placental morphology 
Nodular increased transsonity was found to have a good relation with inter 
villous thrombosis in the placenta The clinical value of the ultrasonographic 
diagnosis of intervillous thrombosis in regard to Rh isoimmunization, and its 
possible prophylaxis is discussed Since most areas of nodular increased t rans 
sonity in our material became apparent between the 35th and the 37th week of 
gestation, it might be advisable to retest mothers at risk after the 37th week of 
gestation for the presence of Rh antibodies, if none have previously been demon 
strated 
Increased transsonity at subchorial level is, in our view, probably due to vas 
cular echoes An extensive area of increased transsonity at subchorial level was 
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called a 'subchorial lake' The ultrasonographic localization of the 'subchorial 
lake' was significantly related to the site of cord insertion into the placenta 
Except for the previously described relations, only slight indications of rela-
tions were found between differences in transsonity, placental morphology and 
the course and outcome of pregnancy Also only indications of possible relations 
were found between the menstrual age at which for the first time differences in 
transsonity occurred and the course and outcome of pregnancy 
In our opinion, ultrasonographic examination of the placenta is of clinical value 
in 
- early detection of placental growth retardation and its predictive value in 
regard to fetal outcome, 
- placental localization, 
- diagnosis of intervillous thrombosis and its possible clinical value in the pro-
phylaxis of Rh-isoimmumzation 
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S A M E N V A T T I N G 
Het mogelijke klinische belang van echoscopisch onderzoek van de placenta 
werd bestudeerd in een longitudinaal, gestandaardiseerd, prospectief onder 
zoek 
De echoscopische aspecten - groei, locahsatie en verschillen in transsoniteit 
- van placenta's van 56 Primigravidae werden onderzocht vanaf de vroege zwan 
gerschap tot aan de geboorte 
De verkregen echoscopische gegevens werden, waar mogelijk, vergeleken met 
klinische gegevens en morfologische bevindingen in de placenta 
In hoofdstuk 1 wordt een kort overzicht gegeven omtrent de historische ontwik 
keling van placentaonderzoek Na de tweede wereldoorlog werden ultra-geluid 
technieken ontwikkeld ten behoeve van de diagnostiek Hierdoor werd een 
belangrijke vooruitgang geboekt bij het non invasieve onderzoek van de pia 
centa gedurende de zwangerschap Deze ultrageluid techniek wordt in dit onder-
zoek gebruikt 
In hoofdstuk 2 worden de gebruikte technieken nader omschreven 
De aanvankelijk onderzochte 109 Primigravidae werden verdeeld in twee 
groepen op grond van placenta locahsatie bij 56 was de placenta op de voorwand 
en bij 53 op de achterwand van de uterus gelocahseerd De op de uterusvoorwand 
gelocahseerde placenta's werden gedurende de zwangerschap regelmatig echo 
scopisch onderzocht In verband met beschreven beperkingen van ultra geluids 
onderzoek kunnen op de uterusachterwand gelocahseerde placenta's niet vol-
doende onderzocht worden In paragraaf 2 3 worden de gebruikte klinische kri-
teria gedefinieerd In paragraaf 2 4 4 worden de veiligheidsaspecten van ultra 
geluid behandeld Het gebruik van een 5 MHz-transducer is van essentiële bete-
kenis voor ons onderzoek Dit kristal heeft een groot oplossend vermogen, terwijl 
anderzijds de beperkte dieptewerking geen bezwaar vormt bij de bestudering 
van placenta's die op de voorwand van de uterus gelocahseerd zijn 
In paragraaf 2 5 wordt de gevolgde meetmethode van het placenta oppervlak 
besproken, waarbij een gemiddelde meetfout wordt berekend van 3% In para-
graaf 2 7 wordt op het belang van gestandaardiseerd verwerken van de placenta 
gewezen 
In hoofdstuk 3 worden de door middel van echoscopie verkregen resultaten 
betreffende placentagroei beschreven 
Voor dit onderzoek werden de grootste lengte, breedte en dikte van de placenta 
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afzonderlijk gemeten Op grond van de uitkomst van deze metingen werden het 
placentaoppervlak (grootste lengte χ grootste breedte) en de placenta 'volume 
doos' (grootste oppervlak χ grootste dikte) berekend Gezien de beperkte 
betrouwbaarheid van de placenta diktemeting (paragraaf 3 11) wordt in dit 
onderzoek de voorkeur gegeven aan de placenta-oppervlaktemetingen Mede op 
grond van de geraadpleegde l iteratuur werd aangenomen dat de toename van 
het placentaoppervlak een betrouwbare maat is voor de groei van de placenta 
gedurende de zwangerschap 
De groeicurven van het placentaoppervlak in dit onderzoek tonen een recht­
lijnig verloop gedurende het eerste gedeelte van de zwangerschap Tijdens het 
tweede gedeelte van de graviditeit kan de groeisnelheid onveranderd blijven. 
doch meestal neemt deze af of wordt nul 
De beide delen van de individuele groeicurven werden bestudeerd met het oog 
op een mogelijk verband met het verloop en resultaat van de zwangerschap Bij 
een zwangerschapsduur van 150 dagen wordt een 'waarschuwingsgrens' bere 
kend Als het placentaoppervlak bij een zwangerschapsduur van 150 dagen 
gelijk is aan of kleiner is dan deze grens (187 cm2) loopt de betreffende zwangere 
een sterk verhoogde kans te bevallen van eente kleinkind ( < 10e percentiel van 
Kloosterman) 
In dit onderzoek werd bij 9 zwangeren een placentaoppervlak gelijk aan of 
kleiner dan 187 cm" gevonden bij een zwangerschapsduur van 150 dagen, en 
hiervan bevielen 6 (67%) van een te klein kind ( < 10e percentiel volgens Kloos 
terman) 
Het placentaoppervlak bij een zwangerschapsduur van 150 dagen vertoont 
geen relatie met het optreden van hypertensie tijdens de graviditeit Dus het al 
dan met krijgen van toxicóse wordt waarschijnlijk niet bepaald door de grootte 
van de placenta bij 150 dagen 
Bij zwangeren die gedurende de graviditeit meer dan 10 sigaretten per dag 
rookten, werden bij een zwangerschapsduur van 150 dagen gemiddeld signifi 
cant kleinere placentaoppervlaktes gevonden dan bij niet rokende zwangeren 
Indien de totale rokende groep met de niet rokende groep werd vergeleken was 
deze relatie juist niet significant 
Placentaoppervlak en placenta-'volume doos', gemeten tijdens het laatste 
echoscopische onderzoek vóór de bevalling, blijken sterk gecorreleerd aan pia 
centametingen na de geboorte en het kinderlijk geboortegewicht Ondanks de 
goede correlatie bestaat toch nog een zodanige spreiding dat echoscopische 
metingen gedurende het laatste trimester van de zwangerschap slechts van 
beperkte klinische betekenis zijn In ons materiaal blijkt dat de gemiddelde pia 
centa 'volume doos', gemeten tijdens het laatste echoscopische onderzoek vóór 
de bevalling, bij patiënten uit de pre eclamptische groep significant groter is dan 
die bij patiënten uit de 'optimale' groep 
Bij het laatste echoscopisch onderzoek vóór de bevalling wordt een aanwijzing 
gevonden dat over het algemeen de placenta 'volume doos' bij sterk rokende 
zwangeren ( > 10 sigaretten/dag) kleiner is dan bij niet rokende zwangeren 
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In hoofdstuk 4 wordt de echoscopische placentalocalisatie besproken Het is van 
belang duidelijke definities aangaande placentalocalisatie te geven 
In dit onderzoek wordt een veranderde placentapositie ten opzichte van de 
buikwand van de moeder gedurende de zwangerschap waargenomen, zowel in 
transversale als verticale richting Hoewel ook in dit onderzoek veranderingen 
in de locahsatie van de placenta gedurende de zwangerschap werden vastge 
steld, is er onvoldoende reden de vrij algemeen aanvaarde theorie van 'dynamic 
placentation' te ondersteunen 
De placenta blijkt een statistisch significante voorkeur te vertonen voor de 
rechts-midden positie in de uterus Deze voorkeur zou mogelijk verklaard kun 
nen worden uit de verschillen in vaatanatomie tussen de linker en de rechter 
helft van de uterus 
In paragraaf 4 4 wordt de mogelijke relatie tussen placentalocalisatie en het 
verloop en resultaat van de zwangerschap besproken Er wordt geen significant 
verschil gevonden tussen de groep met de placenta op de voorwand en die met 
de placenta op de achterwand, met betrekking tot het optreden van hypertensie 
tijdens de zwangerschap en het geboortegewicht van de kinderen Evenmin wor 
den significante verschillen in klinische gegevens gevonden tussen de verschil-
lende groepen van patiënten met de placenta op de voorwand Het ontbreken van 
statistische significantie kan voor een groot deel het gevolg zijn van de kleine 
aantallen zwangeren in de verschillende groepen 
In paragraaf 4 4 2 3 wordt een btatistisch significante relatie gevonden tussen 
de positie van de placenta in de uterus en de locahsatie van de wervelkolom van 
de foetus tijdens de geboorte Op grond van deze bevinding kan de voorkeurspre 
sentatie van het hoofd bij de geboorte (achterhoofdshgging, achterhoofd links) 
verklaard worden uit de voorkeurspositie van de placenta rechts in de uterus 
In hoofdstuk 5 wordt de mogelijke relatie tussen het echoscopisch aspect en de 
morfologie van de placenta besproken. Tevens wordt de mogelijke samenhang 
tussen verschillen in transsomteit van de placenta en klinische gegevens onder 
zocht 
Gedurende de vroege zwangerschap heeft de placenta echoscopisch een egaal 
grijs aspect Gedurende het verdere verloop van de zwangerschap verandert het 
echoscopische aspect van de placenta Op zijn vroegst vanaf een zwangerschaps-
duur van 126 dagen kunnen diffuse veranderingen in transsomteit worden 
waargenomen vlokvormig verminderde transsomteit, puntvormig vermin 
derde transsomteit en haardvormig verminderde transsomteit 
Naast de diffuse veranderingen in transsomteit worden ook meer gelocah 
seerde verschillen gevonden 
Kom vormig verminderde transsomteit wordt in 54%van de placenta's gezien 
Voor het eerst wordt deze verandering in transsomteit gevonden bij een zwang-
erschapsduur van 212 dagen Ook wordt m deze periode voor het eerst vermin 
derde transsomteit ter hoogte van de basale deciduale laag gezien 
Haardvormig toegenomen transsomteit wordt vanaf een zwangerschapsduur 
van 144 dagen waargenomen in 67% van de placenta's 
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In ons vooronderzoek werd centraal toegenomen transsomteit in komvormige 
structuren waargenomen, deze bevinding kon echter in ons longitudinaal onder 
zoek met worden bevestigd Dit echoscopische fenomeen wordt afzonderlijk 
besproken in paragraaf 5 2 1 7 
De boven omschreven verschillen in transsomteit werden voor zover mogelijk, 
vergeleken met de morfologische bevindingen in de placenta na de geboorte 
Gezien het feit dat in ons materiaal noch verse, noch oude infarcten aantoon 
baar waren door middel van echoscopie, lijkt het gebruik van deze techniek niet 
aangewezen voor de diagnostiek van deze afwijkingen 
Bij 'sterk' verminderde transsomteit ter hoogte van de basale deciduale laag 
wordt verhoudingsgewijs significant meer calciumneerslag gevonden in de 
basale deciduale laag, dan bij 'licht' verminderde transsomteit in dit gebied 
Verminderde transsomteit ter hoogte van de chonale plaat wordt beschouwd 
als een onbetrouwbare afspiegeling van placenta morfologie 
Haardvormig toegenomen transsomteit blijkt duidelijk gerelateerd te zijn aan 
intervilleuze thrombose De klinische betekenis van deze echoscopische diag 
nose met betrekking tot Rh sensibiliteit en de mogelijke profylaxe hiervan, wor 
den besproken Aangezien de meeste haarden van toegenomen transsomteit pas 
voor het eerst worden gezien tussen de 35e en 37e zwangerschapsweek lijkt het 
aangewezen het onderzoek naar de aanwezigheid vanRh antihchamen nade37e 
zwangerschapsweek te herhalen bij alle Rh negatieve vrouwen, waarbij met 
eerder Rh antihchamen werden aangetoond 
Toegenomen transsomteit ter hoogte van de chonale plaat is waarschijnlijk 
meestal het gevolg van de daar aanwezige vaatstructuren Een groot gebied van 
toegenomen transsomteit ter hoogte van de chonale plaat is statistisch sigmfi 
cant gerelateerd aan de insertieplaats van de navelstreng in de placenta 
Verder worden slechts aanwijzingen gevonden voor samenhang tussen veran 
deringen in transsomteit en morfologische bevindingen in de placenta 
Bij het onderzoek naar een eventueel verband tussen veranderingen in t rans 
somteit van de placenta en het verloop en resultaat van de zwangerschap zijn 
enkele indicaties voor samenhang gevonden, die evenwel met statistisch sigm 
ficant zijn 
Ook worden slechts aanwijzingen voor samenhang gevonden tussen het tijd 
stip waarop de beschreven verschillen in transsomteit voor het eerst optreden 
en het verloop en resultaat van de zwangerschap 
Ondanks de besproken beperkingen blijkt het echoscopisch onderzoek van de 
placenta van klinische betekenis bij 
- de vroege herkenning van placentaire groeivertraging met de daaraan ver 
bonden voorspellende waarde aangaande kinderlijk geboortegewicht, 
- de bepaling van de placentalocahsatie, 
- de diagnose van intervilleuze trombose en op grond daarvan de eventuele pro 
fylaxe van Rhesus sensibihsatie tijdens de zwangerschap 
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Stellingen behorende bij 
U L T R A S O N O G R A P H I C ASPECTS OF THE PLACENTA 
Nijmegen, 1 februari 1980 H J Hoogland 
S T E L L I N G E N 
I 
Het is aan te bevelen een zwangere routinematig tussen de 10e en 20e zwanger-
schapsweek twee maal echoscopisch te controleren op de groei van foetus en pla-
centa. 
II 
Het echoscopisch gemeten placentaoppervlak heeft, bij een zwangerschapsduur 
van 150 dagen, voorspellende waarde aangaande het geboortegewicht van het 
kind (dit onderzoek). 
III 
De placenta heeft een voorkeurslocahsatie in de uterus (dit onderzoek). 
IV 
De ligging van de foetus in utero wordt voor een belangrijk deel door de positie 
van de placenta bepaald (dit onderzoek) 
V 
Het aantonen van haardvormig toegenomen transsoniteit in de placenta kan 
wijzen op een foeto-maternale bloedtransfusie en kan dientengevolge van 
belang zijn bij de diagnostiek van Rhesus-sensibihsatie tijdens de zwangerschap 
(dit onderzoek). 
VI 
Een infarct van de placenta is echoscopisch met aantoonbaar (dit onderzoek) 
VII 
De diagnose 'placentainfarct ' wordt vaak ten onrechte gesteld. 
VIII 
Het forcipaal roteren van het kinderlijk hoofd is een discutabele ingreep. 
IX 
Indien een placenta niet volgens een gestandaardiseerd protocol onderzocht 
wordt, mogen aan het onderzoek geen conclusies worden verbonden. 
X 
De term 'dysmaturitas ' wordt vaak onjuist gebruikt. Als de rijpheid van de pas­
geborene met in overeenstemming is met het geboortegewicht, is dit meestal het 
gevolg van een te laag gewicht en niet van dysmaturiteit. 
XI 
Wanneer er grote kans bestaat op het ontstaan van hyalinemembraanziekte bij 
de pasgeborene, valt het te overwegen het kind direct post partum profylactisch 
met continupositieve beademingsdruk te behandelen. 
XII 
De darmanastomosering met magneetrmgen geeft op relatief eenvoudige wijze 
een ideale adaptatie van de submucosalagen, waardoor een optimale wondgene-
zing wordt gewaarborgd. (Jansen, Α., (1978): Proefschrift, Universiteit 
Amsterdam). 
XIII 
De opleider tot medisch specialist dient ervoor te waken dat de waardering voor 
wetenschappelijk werk niet ten koste gaat van de practische vorming. 
XIV 
De opleiding tot vrouwenarts dient te worden voorafgegaan door tenminste een 
jaar algemeen chirurgische training 
XV 
De financiële positie van de nederlandse verloskundigen dient verbeterd te wor 
den, mede ter voorkoming van onverantwoord medisch handelen 
XVI 
De poliklinische bevalling in een goed geoutilleerd verloskundig centrum ver 
dient de voorkeur boven de huisbevalling 
XVII 
Het verkeer dat zich op een rotonde bevindt dient voorrang te hebben 
XVIII 
Het passeren van Check point Charley is effectieve anti communistische propa 
ganda 


